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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED. 


SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS OF LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. 


1. Life support devices or systems are those which (a) are 2. A critical component 1s any component of a life support 
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason- 
or sustain life, and whose failure to perform, when ably be expected to cause the failure of the life support 
properly used in accordance with instructions for use device or system, or to affect its safety or effectiveness. 


provided with the product, can be reasonably expected 
to result in significant injury to the user. 
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GAL® IN PLD SCENARIO 


SGS-THOMSON is today committed to serving the 
market with high volume families including Pro- 
grammable Logic Devices (PLDs), which shows 
one of the fastest growth rates in the semiconduc- 
tor market. 


PLDs IN THE ASIC SCENARIO 


PLDs represent today one of the largest families in 
the ASIC market. 


The devices in the ASIC category offer advantages 
over other alternatives, in that they perform a func- 
tion defined by the user that is optimized for a 
specific application. The ASIC family can be seg- 
mented into sub-families of devices — according 
to the degree of physical specialization that the 
customer design imprints into the device — as 
shown in Figure 1. 


Figure 1. The ASIC scenario 


ASIC 


SEMICUSTOM 


FULL 
CUSTOM 


The standard cell approach uses pre-configured, 
pre-tested and pre-characterized logic blocks to 
construct a custom silicon chip for the designer. 
The chip is usually designed by hand, using a 
graphics terminal. The outcome is a fairly efficient 
logic design that may take weeks or months to 
complete, while incurring a hefty up-front engineer- 
ing charge, or non-recurring expense (NRE). 


In addition, the custom piece of silicon will take 
additional weeks, if not months, to manufacture. 
The development time and complexity of a stand- 
ard cell design severely impacts the ability to incor- 
porate changes or corrections to the design. In 
addition, the customer is typically obligated for 
some minimum production lot size to cover the 
manufacturer’s expenses. Since most logic de- 
signs are subject to revision during the debug 
phase, the time and dollar penalties of the standard 
cell approach make this a relatively high risk one. 


The gate array approach has gained extensive 
market recognition as a more optimum “bridge” 
between the standard cell (full custom) and pro- 
grammable alternatives. The gate array is a pre- 
manufactured silicon matrix that awaits only a 
custom interconnected pattern to establish func- 
tionality. The designer can choose from NAND 
gates, flip-flops, and various types of buffers to 
construct the logic. 

The flexibility of a gate array is less than that of a 
standard cell device, since the user must intercon- 
nect existing structures. However, since the device 
usually has many pins (68 or more) it offers greater 
logic functionality than a typical PLD. This in- 
creased functionality, however, comes at the pen- 
alty of lower speed performance. 


Since the gate array relies on only one or two 
custom mask layers, the wafer fabrication can be 
done much more quickly than with a standard cell. 
The turn time from design completion to final chip 
for a gate array is, at best, 4 to 8 weeks. Although 
not as costly up front as a standard cell, there is still 
an up front development cost, a minimum lot size, 
and a long and costly cycle for logic changes. 
These features make this, too, a risky approach. 


Advantages of PLDs 


The previous alternatives are ideal choices for high 
volume applications where, once debugged, the 
design is not subject to change. The average cus- 
tomer, however, uses hundreds to thousands of 
devices of a given logic pattern, each year. He 
cannot afford the NRE of a gate array or standard 
cell, since the volume is not high enough to dilute 
this expense. Figure 2 shows the cost and devel- 
opment time relationships of the various design 
alternatives. 


Figure 2. Costs vs Development Time 
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The PLD offers a solution to these woes. The 
simple, but powerful and affordable development 
tools, associated with the low unit cost, flexibility, 
high performance, and proven reliability of these 
devices result in a cost-efficient, higher-perfor- 
mance, lower-risk, and more timely design cycle. 


Programmable logic is ideal for simplifying the de- 
sign process, because the designer can implement 
the exact logic function whenever and wherever 
required. Programmable logic offers more efficient 
utilization, as well as reduced chip count, by sim- 
plifying the lay-out process at both conceptual and 
implementation stage. 


As a consequence PLDs contributes to increase 
substantially system reliability. It has been statisti- 
cally demonstrated that systems with higher levels 
of integration such as those designed with pro- 
grammable logic, have much higher reliability than 
equivalent systems designed with many low den- 
sity standard components. 


GAL® 


SGS-THOMSON has decided to enter the PLD 
market by producing the GAL® (Generic Array 
Logic) family of devices. GAL® are ideal devices 
among PLDs for several reasons: 


- GAL® devices are fabricated using very high 
speed Electrically Erasable CMOS technology 
which offers the highest degree of testability 
and quality of any process technology. In fact 
AC, DC and functionality can be 100% tested 
and that guarantees 100% programming and 
functional yield to the customer with no further 
board rework. With PLDs in bipolar techno- 
logies, complete testing is not possible and 
manufacturers must rely on complex schemes 
using test rows and columns to simulate and 
correlate device performances, since the fuse 
array cannot be tested prior to programming. 
Due to the incomplete test of these bipolar 
PLDs, rejects may be found when the user 
programs them, with no recovery possibility 
since mis-programmed parts must be dis- 
carded. Instant erasability, instead, makes 
GAL® ideal for unforecasted design changes. 


* GAL® switching speed is as fast as any other 
bipolar programmable logic devices except 


ECL, but they have the low power consumption 
of CMOS. 


- GAL® devices utilize the Output Logic Macro- 
cell (OLMC) which allows the user to configure 
outputs as needed and to replace several other 
programmable logic devices and low complex- 
ity gate arrays. 


The main advantage of GAL® devices comes from 
their intrinsic “genericity” that allows the user to 
define the architecture and functionality of each 
output and also has advantages at the shop floor 
level: users can put in inventory one @ generic GAL® 
type instead of many different PAL® device types; 
this will not only save money, but also minimize the 
paper work, reduce manufacturing flow because 
the handling process is simplified, reduce the risk 
Or running out of inventory. For example, the 
GAL16V8AS can replace 21 different bipolar PAL®. 


GAL® Development Tools 


GAL® devices have been developed to support the 
philosophy that users should not be required to 
purchase special development tools. GAL® are in 
fact supported by existing programmable logic de- 
velopment tools and device programmers. 


Software packages such as ABEL® from DATA I/O 
and CUPL™ from Logical Devices, offer generic 
development support for all programmable logic 
devices. 

They allow an almost instantaneous compilation of 
a description of the logic circuit that the GAL® is 
expected to implement. 

Their output is a file (the JEDEC file) that can be 
fed into the hardware programming tool (the device 
programmer), which in turn performs the task of 
writing the corresponding pattern into the GAL® 

memory. 

SGS-THOMSON, together \ with Logical Devices, 
supplies a dedicated GAL® high level software 
development tool, named ST-CUPL™. 


GAL® are supported by several device pro- 
grammers that ensure the highest quality. 

An updated list of device programmers, qualified 
by SGS-THOMSON for its GAL® , may be obtained 
from the nearest SGS-THOMSON sales office. 
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INTRODUCTION 


DC PARAMETERS 


The range of power supply voltage over which the device 
Supply Voltage is guarantied to operate within specified limits. 
The range of input voltages that represents a logic HIGH 
Input HIGH Voltage in the system. 
VIL Input LOW Voltage The range of input voltages that represents a logic LOW 
in the system. 


The minimum voltage at an output terminal for the 
specified output current lon and the minimum value of 
Vcc. 


The maximum voltage at an output terminal sinking the 
VOL ODIDHG Ee a NO eO einen) maximum specified LOW current loc. 


The current flowing into the VCC supply terminal of a 
circuit with the specified inputs conditions and the 
outputs open. When not specified, input conditions are 
chosen to guarantee worst case operation. 


The current flowing into an input when a specified HIGH 
fim | input Leakage Curent igh) level voltage is applied to that input. 
The current flowing out of an input when a specified 
fu! put Leakage Coment sow) LOW voltage is applied to the input. 


Output HIGH Voltage (min.) 


Supply Current 


NH 
NL 
Output High Current The current flowing out of an output which is in the HIGH 
State. 
iat Output Low Current ee flowing into an output which is in the LOW 


The current flowing out of an output which is in the HIGH 
state when that output is connected to a reference of 
0.5 V. 


Bidirectional pin Leakage The current flowing into a disabled 3-state output with a 
al Current HIGH specified HIGH output voltage applied. 

Bidirectional pin Leakage The current flowing out of a disabled 3-state output with a 
-e Current LOW specified LOW output voltage applied. 


Output Short Circuit Current 
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AC PARAMETERS 


Symbol 


The maximum input frequency at a clock input for predictable 
performance. Above this frequency the device may cease to 
function. 


Clock Frequency without and with 
Feedback 


The time between the specified reference points on the input 
and output waveforms with the output changing from the 
defined LOW level to the defined HIGH level or vice versa. 


The delay time between the specified reference points on the 
Product Term Output Disable to Output | input and output voltage waveforms with the 3-state output 
and Output Register Disable to Output | changing from the HIGH (or LOW) level to a high impedance 
“off” state. 

The delay time between the specified reference points on the 
Product Term Output Enable to Output | input and output voltage waveforms with the 3-state output 
and Output Register Enable to Output | changing from a high impedance “off” state to the HIGH (or 

LOW) level. 


The interval immediately following the active transition of the 


Combinational Propagation Delay and 
Clock to Output Delay 


timing pulse (usually the clock pulse) or following the 
transition of the control input to its latching level, during which 
Input or Feedback Hold Time interval the data to be recognized must be maintained at the 
(after Clock Rise) input to ensure its continued recognition. A negative set-up 
time indicates that the correct logic level may be released 
prior to the active transition of the timing pulse and still be 
recognized. 


The interval immediately preceding the active transition of the 
timing pulse (usually the clock pulse) or preceding the 
transition of the control input to its latching level, during which 

Input or Feedback Set-up Time interval the data to be recognized must be maintained at the 

(before Clock Rise) input to ensure its recognition. A negative set-up time 
indicates that the correct logic level may be initiated 
sometimes after the active transition of the timing pulse and 
still be recognized. 


Minimum Clock Width, The time between the specified reference points on the 
High and Low leading and trailing edges of a pulse. 
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E°PROM CMOS PROGRAMMABLE LOGIC DEVICE 


=» ELECTRICALLY ERASABLE CELL 
TECHNOLOGY 
— Instantly reconfigurable logic 
— Instantly reprogrammable cells 
— Guaranteed 100% yields 
=» HIGH PERFORMANCE E2CMOS TECHNOLOGY 
— Low power: 90mA typical 
— High speed: 12ns max. clock to output 
delay, 25ns max. setup time, 30ns max. B C 
propagation delay PDIP24 PLCC28 
=» TTL COMPATIBLE INPUTS AND OUTPUTS 
#» UNPRECEDENTED FUNCTIONAL DENSITY 
— 10 Output Logic Macrocells 
— 8 Buried Logic Macrocells 
— 20 Input and I/O Logic Macrocells 
=» HIGH-LEVEL DESIGN FLEXIBILITY I, /ICLK 
— 78 x 64 x 36 FPLA Architecture F 
— Separate buried register and input clock pins 
— Functionally supersets existing 24 pin PAL® 
and IFL™ devices 
— Asynchronous or Synchronous clocking 
=» SPACE SAVING 24 PINS, 300 MILS DIP 
= HIGH SPEED PROGRAMMING ALGORITHM 
= 20 YEAR DATA RETENTION 


Pin Connections 


N 

0 ee Le ee 

a ony 0 Dg 
iv) 


GAL6001S | 


On Oo & WYN 


oun OD HW B® w 
= oOo 
ie) 

pe en es ed 


DESCRIPTION 


Using a high performance E*°CMOS technology, 
SGS-THOMSON has produced a next-generation 
programmable logic device, the GAL6001S. Using 
FPLA architecture known for its superior flexibility 
in state machine design, the GAL6001S offers the 
highest degree of functional integration and flexi- 
bility currently available in a 24 pin, 300 mils pack- 
age. 


The GAL6001S has 10 programmable Output 
Logic Macrocells (OLMCs) and 8 programmable 
Buried Logic Macrocells (BLMCs). In addition, 
there are 10 Input Logic Macrocells (ILMCs) and 
10 I/O Logic Macrocells (IOLMC). Two Clock inputs 
are provided for independent control of the Input 
and Output Macrocells. 

Advanced features that simplify programming and 
reduce test time, coupled with E7PROM CMOS 
reprogrammable cells, enable complete AC, DC, 
programmability, and functionality test of each 
GAL6001S during manufacture. This allows 
SGS-THOMSON to guarantee 100% field program- 
mability and functionality to datasheet specifications. 


@ 
DD ee a ce ae ee, He es 
Oe * 


GAL® 1s a registered trademark of Lattice Semiconductor Corp.; PAL® 1s a registered trademark of Monolithic Memories Inc. 
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GAL6001S Logic Diagram 
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Programming is accomplished using standard hard- 
ware and software tools. SGS-THOMSON guaran- 
tees a minimum of 100 erase write cycles, and data 


ture word has been provided for user-defined data. 
In addition, a security cell is available to protect 
proprietary designs. 


retention to exceed 20 years. An Electronic Signa- 


GAL6001S Functional Block Diagram 


INPUT 
CLOCK 


INPUTS 
2 


OUTPUTS 
es mes 


OUTPUT 
CLOCK 


“ 


Off-State Output (Bidirectional) Voltage Applied 


Storage Temperature -65 to +125 
TJ Junction Temperature (Operating) -40 to +125 
L 


a6 Lead Temperature (Soldering) 260 (for 10s max.) °C 


Stresses above those listed under the “Absolute Maximum Ratings” may cause permanent damage to the 
device. These are stress only ratings and functional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this specification is not implied. 
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Switching Test Conditions Switching Test Circuit 


Input Pulse Levels GND to 3.0V 
Input Rise and Fall Times 3ns 10%-90% 


Input Deng Pole 
Levels 

Output Tne Reference 
Levels 


f 


3-state levels are measured 0.5V from steady-state UNDER TEST 
active level. 


TEST POINT 


Test Conditions 


C, includes jig and probe total capacitance 


Active High: o- 
Active Low: 300 

3 Active High: oo 5 
Active Low: 300 


Capacitance (Ta=25°C, f=1.0MHz, Vcc=5V) 


* Guarantied but not 100% tested 


DC Operating Conditions 


Commercial Industrial 
Symbol Parameter Temperature Range | Temperature Range 
| sa | 45 | 55 | Vv 


| Supply Votage Voltage 


V 
ie nestiorvenge [Wests | “08 [ estas | 08 |v 
[vn [trian vonage ‘| 20 | veos | 20 
—— lt eee ee te 
ee 


* Vss ts the voltage applied to the GND pin 
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Electrical Characteristics Over Operating Conditions 


Commercial Industrial 
Symbol Parameter aE oe Range “an Range 


f=15MHz 
Icc | Operating Power Supply Current Vit=0.5V 150 180 mA 
VIH=3.0V 


Tics® [Gua Shon Gea Goven |Voo-sov,vexoav] ico [so | 00 | 00 | ma 
Tver | cupttonvorage | = —*| - [es | - [os |v 
vor [__upurtonvetoge | = it | - |e | - fv 


“ One output at a time for a maximum duration of one second. 


Test Conditions 


Switching Characteristics Over Operating Conditions 


ee Pr aor 
Output, 
Propagation Delay Registered Output 30 35 ns 1 
(With Feedback) Output 
Combinational 
Propagation Delay Input Output 35 40 ns 1 
(ILMC Latch) 
Input race to 
Output Delay 
(ILMC Reg., OLMC ICLK Output 35 40 ns 1 
Comb.) 
Input Clock to 
Output Delay 
(ILMC Latch, OLMC ICLK 
Comb.) 
Output Clock to 
Registered Output OCLK Registered 
Delay (OLMC D/E Reg.) 
Registered 
Output Delay Sas Output 
(OLMC D Reg.) 
Product Term 
ten Output Enable to Input, I/O 
Output Delay 
Product Term Output 
Input, I/O 


Combinational 
Propagation Delay 
(ILMC Async.) 


Combinational 


Sum Term Clock 
to Registered 


Disable to 
Output Delay 


* Refer to Switching Test Conditions”. 
“ Commercial Temperature range only 
* Industrial Temperature range only 
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AC Operating Conditions 


6001S-30~ 
Symbol Parameter 
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[ss | nut or esc Setup Tine tre STCLK se (OUNCORea) |= [75[ - | 10 | re 
tue | GLK ise Setup Tie etre OCLK Re OLMCDE REG) | - [30 [= [35 | me 
[tus | _I6LK Fie Seu Tne Bates STCURRe OUNC Fee) | = [1s [= [7 | re 
mw | _ Hottie ater cucranauncuaen f= | s[-]s | 
tw | WlsTineatericuxrise uncres) | -[s|-|s| 16 
te | Warne aterocurrieeounc oer) | -[s|-|s| 6 
ts | ___ Halse ator STOLK ise (OLMED Reg) | = [10 | - [ves] ve 
Tinos | _ 16K or6uK Puce Buaiontigh «dt = [P= | 10 | ne 
Fw [el or octal Dvatontow =i = f= | v0 | re 
Twn | —_—STLK Puce Duatontigh == fs = fs |e 
Tim [Stix use ouatontow ———~+p= fs [= P16 |e 
a 
Ties | eset cut Recoveytne «d= fa = [20 | as 
tees | _____Poseto sToLK Recoverytine «d= | = [vo | as 
ex | ____Gatkerstoixwssmomrreaieney (per | - [zeal - | we 


“ Commercial Temperature range only 


* Industrial Temperature range only 


Switching Waveforms 
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ASYNCHRONOUS 
QUTPUT 
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INPUT 
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OCLK 


REGISTERED 
OUTPUT 


SUM TERM 
CLOCK (STCLK) 
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INPUT LOGIC MACROCELL (ILMC) AND I/O 
LOGIC MACROCELL (IOLMC) 


The GAL6001S features two configurable input sec- 
tions. 


The ILMC section corresponds to the dedicated 
input pins (2-11) and the IOLMC section to the I/O 
pins (14-23). Each input section is configurable as 
a block for asynchronous, latched, or registered 
inputs. Pin 1 (ICLK) is used as an enable input for 
latched macrocells (transparent when high) and as 
a clock for registered macrocells (positive edge 
triggered). 


Configurable input blocks can be used to advantage 
by system designers. Registered inputs are popular 
for synchronization and data merging. Transparent 


ILMC/IOLMC Generic Block Diagram 


INPUT PINS 2-11 
1/O PINS 14-23 


Registered Input (LATCH=1, SYN=0) 


INPUT PINS 2-11 


1/0 PINS 14-23 
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latches are useful when the input data is invalid 
outside a known time window. Direct inputs are 
used in systems where the input data is well ordered 
in time. With the GAL6001S, external registers and 
latches are not necessary. 


The various configurations of the Input and I/O 
Macrocells are controlled by programming four 
architecture control bits (LATCH and SYN both for 
Input and I/O Macrocells) within the 68 bits Archi- 
tecture Control Word. The SYN bits determine 
whether the macrocells will have register/latch ca- 
pability or will be strictly asynchronous. The LATCH 
bits select between latched and registered inputs. 


The three valid macrocell configurations are shown 
in the macrocell equivalent diagrams shown below. 


Asynchronous Input (LATCH=1, SYN=1) 


INPUT PINS 2-11 
1/0 PINS 14-23 


Latched Input (LATCH=0, SYN=0) 


INPUT PINS 2-11 


VO PINS 14-23 
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OUTPUT LOGIC MACROCELL (OLMC) AND BU- 
RIED LOGIC MACROCELL (BLMC) 


The outputs of the OR array feed two groups of 
macrocells. One group of eight macrocells is buried; 
its output feed back directly into the AND array 
rather than to device pins. These cells are called the 
Buried Logic Macrocells (BLMC): they are useful for 
building state machines. The second group of mac- 
rocells consists of 10 cells whose outputs, in addi- 
tion to feeding back into the AND array, are available 
at the device pins. Cells in this group are known as 
Output Logic Macrocells (OLMC). 


Like the ILMCs and IOLMCs discussed above, Out- 
put and Buried Logic Macrocells are configured by 
programming specific bits in the Architecture Con- 
trol Word (CKS(i), OUTSYN(i), XORp(i), XOR«(i)), 


OLMC/BLMC Generic Block Diagram 


: 
rm wine OM 


D/E Type Registered 
(CKS(i)=1, OUTSYN(i)=0) 
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but unlike the Input Macrocells which must be con- 
figured in blocks, these macrocells are configurable 
on a macrocell-by-macrocell basis. Throughout this 
data sheet, i=[14..23] for OLMCs and i=(0...7] for 
BLMCs. 


Buried and Output Logic Macrocells may be set to 
one of three valid configurations: combinational, D 
type registered with sum term (asynchronous) clock 
or D/E type registered. 


Output macrocells always have I/O capability, with 
directional control provided by the 10 output enable 
(OE) product terms. Additionally, the polarity of each 
OLMC output is selectable through the XORp(i) 
architecture bits. Polarity selection is available for 
BLMCs, since both the true and complemented 
forms of their outputs are available in the AND array. 


Combinational (CKS(i)=0, OUTSYN(i)=1) 
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Polarity of all “E” sum terms is selectable through the 
XORa(i) architecture control bits. 

When CKS(i) = 1 and OUTSYN(i) = 0, macrocell “1” 
is set as “D/E type registered”. In this configuration, 
the register is clocked from the common OCLK and 
the register clock enable input is controlled by the 
associated “E” sum term. This configuration is useful 
for building counters and state-machines with state 
hold functions. 

When the macrocell is configured as a “D type 
registered with a sum term asynchronous clock” 
(CKS(i) = 0 and OUTSYN(i) = 0), the register is al- 
ways enabled and its “E” sum term is routed directly 
to the clock input. This permits asynchronous pro- 
grammable clocking, selected on a register-by-reg- 
ister basis. 

When CKS(i) = 0 and OUTSYN(i) = 1, macrocell “i” 
is set as “combinational”. Configuring a BLMC in this 
manner turns it into a complement array. Comple- 
ment arrays are used to construct multi-level logic. 

Registers in both the Output and Buried Logic Mac- 
rocells feature acommon RESET product term. This 
active high product term allows the registers to be 
asynchronously reset. Registers are reset to a logic 
zero. If connected to an output pin, a logic one will 
occur because of the inverting output buffer. 

There are two possible feedback paths from each 
OLMC: one directly from the OLMC (this feedback 
is before the output buffer and always present), and 
one from OLMC after the output buffer through the 
IOLMC. The second path is usable as a feedback 
only when the associated bidirectional pin is being 
used as an output. With this dual feedback arrange- 
ment, the OLMC can be permanently buried (the 
associate OLMC pin is an input), or dynamically 
buried with the use of the output enable product term. 
The D/E registers used in this device offer the de- 
signer the ultimate in flexibility and utility. The D/E 
register architecture can emulate RS, JK, and T type 
registers with the same efficiency as a dedicated RS, 
JK, or T register. 

The three valid macrocell configurations are shown 
in the macrocell equivalent diagrams shown in the 
previous page. 


ARRAY DESCRIPTION 

The GAL6001S E* reprogrammable array is sub- 
divided into two smaller arrays; the first is an AND 
and the second is an OR array. These arrays are 
described in detail below. 


AND ARRAY 

The AND array is organized as 78 input terms by 75 
product term outputs. The 10 ILMC, 10 I/O Logic 
Macrocells, 8 BLMC feedbacks, 10 OLMC feed- 
backs, and |CLK comprise the 39 inputs to this array 
(each available in true and complemented forms). 
Product terms 0-63 serve as inputs to the OR array. 
Product term 64 is the RESET PT; it generates the 
RESET signal described in the earlier discussion of 
Output and Buried Logic Macrocells. Product terms 
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65-74 are the output enable product terms; they 
control the output buffers, thus enabling device pins 
14-23 to be bidirectional or 3-state. 


OR ARRAY 

The OR array is organized as 64 inputs by 36 sum 
term outputs. 64 product terms from the AND array 
serve as the inputs to the OR array. Of the 36 sum 
term outputs, 18 are data (“D”) terms and 18 are 
enable/clock (“E”) terms. These terms feed into the 
10 OLMCs and 8 BLMCs, one “D” term and one “E” 
term to each. 

The programmable OR array offers unparalleled 
versatility in product term usage. This programma- 
bility allows from 1 to 64 product terms to be con- 
nected to a single sum term. A programmable OR 
array is more flexible than a fixed, shared, or variable 
product term architecture. 


ARCHITECTURE CONTROL WORD 

The various configurations of the GAL6001S are 
enabled by programming cells within the Architec- 
ture Control Word. This 68 bits word contains all of 
the chip configuration data. This data includes: 
XORp(i), XORE(i), CKS(i), OUTSYN(i), and LATCH 
and SYN bits both for ILMCs and IOLMCs. The 
function of each of these bits has been previously 
explained. 


USER ELECTRONIC SIGNATURE WORD 

An User Electronic Signature word (UES) is provided 
with GAL6001S device. The User Electronic Signa- 
ture word is a 72 bits user definable storage area, 
which can be used to save inventory control data, 
pattern revision numbers, manufacture date, etc. 
Signature data is always available to the user, re- 
gardless of the state of the security cell. 

Note: UES is included in checksum calculations. 
Changing the UES will alter the checksum. 


SECURITY CELL 

Asecurity cell is provided with GAL6001S device as 
a deterrent to unauthorized copying of the array 
patterns. Once programmed, this cell prevents fur- 
ther read access to the AND and OR arrays. This 
cell can be erased only during a bulk erase cycle, so 
the original configuration can never be examined 
once this cell is programmed. User Electronic Sig- 
nature data is always available to the user, regard- 
less of the state of this control cell. 


BULK ERASE 

Before writing a new pattern into a previously pro- 
grammed part, the old pattern must first be erased. 
This erasure is done automatically by the programm- 
ing hardware as part of the programming cycle and 
takes only 50 milliseconds. 


REGISTERED PRELOAD 

When testing state machine designs, all possible 
states and state transitions must be verified, not just 
those required during normal operations. This veri- 
fication is necessary because in system operation 
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certain events may occur that cause the logic to 
assume an illegal state: power-up, brown out, line 
voltage glitches, etc. To test a design for proper 
management of these conditions, a method must 
be provided to break the feedback paths and force 
any desired state (e.g. an illegal state) into the 
registers. Then the machine can be sequenced and 
the outputs tested for correct next state generation. 
All registers in the GAL6001S can be preloaded, 
including the ILMC, IOLMC, OLMC, and BLMC 
registers. The programming hardware takes care or 
all preload timing and voltage requirements. 


INPUT BUFFERS 

GAL devices are designed with TTL level com- 
patible input buffers. These buffers, with their char- 
acteristically high impedance, load driving logic 
much less than traditional bipolar devices. 

This allows for a greater fan out from the driving 
logic. 

GAL6001S does not include active pull-ups within 
its input structures. As a result, SGS-THOMSON 
recommends that all unused inputs and 3-state I/O 
pins be connected to another active input, Vcc, or 
GND. This precaution improves the noise immunity 
and reduces the Icc consumption. 


POWER-UP RESET 

Circuitry within the GAL6001S provides a reset 
signal to all registers during power-up. All internal 
registers will have their Q outputs set low after a 
specified time (treset=1 0s). AS a result, the state on 
the registered output pins (if they are enabled) will 
always be high after power-up, regardless of the 
programmed polarity of the output pins. This feature 
can greatly simplify state machine design by provid- 
ing a known state upon power-up. 

The timing diagram for power-up is shown below. 
Because of the asynchronous nature of system 
power-up, the Vcc rise must be monotonic to guar- 
antee a valid power-up reset of the GAL6001S. The 
registers will reset within a maximum Of treset time. 
As in normal system operation, avoid clocking the 


Power-Up Reset Timing Diagram 
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device until all input and feedback path setup times 
have elapsed (i.e. avoid clocking before the 
tor=tresetttsu time interval). 


DIFFERENTIAL PRODUCT TERM SWITCHING 
(DPTS) 


The number of “Differential Product Term Switching” 
(DPTS) for a given design is calculated by taking the 
absolute value of: 


* the total number of product terms that are 
switching from a logical level high to a logical 
level low 


* minus the total number of those switching from 
a logical level low to a logical level high 


within a 5ns time window. 
DPTS =| PTtH - PTut | 


The correct behaviour of the device is guaranteed 
for applications where the number of DPTS is not 
greater than 15. This limit is believed to be largely 
conservative. For the device to exhibit an incorrect 
behaviour, other conditions of supply voltage, clock 
timing, temperature, etc., should be simultaneously 
present. As each of these conditions may, to some 
extent, lay partly within the operating range limits, it 
is simpler to refer to a DPTS boundary that ensures 
ample margin in all conditions for a correct oper- 
ation. 


There is no limit on the number of product terms that 
can be used at the same time. 


LATCH-UP PROTECTION 

GAL6001S devices are designed with an on-board 
charge pump to negatively bias the substrate. The 
negative bias is of sufficient magnitude to prevent 
external disturbances from causing the circuitry to 
latch. Additionally, outputs are designed with n- 
channel pull-ups instead of the traditional p-channel 
pull-ups to eliminate any possibility of SCR induced 
latching. 
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PDIP 24 Pins 


PLCC 28 Pins 
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Seating Plane: 0.101 mm/0.004 inches 
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Ordering Informations* 


SGS-THOMSON GAL®s are available in a variety of package and temperature ranges. 
General ordering code is reported below. 


GAL6001S-s woop t 


= Temperature 1 0°C to +70°C (only for 30ns Speed selection) 
3 - 40°C to +85°C (only for 35ns Speed selection) 


Package 24 Pins PDIP 
2 


8 Pins PLCC 


B 
Cc 


H Half Power 


30 30ns (Commercial Temperature range only) 
35 35ns (Industrial Temperature range only) 


Example: ordering code for a GAL60015, 30ns speed and Half Power in PDIP is GAL6001S-30HB1 


* Please contact local Product Marketing for latest update on package / temperature range availability. 
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E°PROM CMOS PROGRAMMABLE LOGIC DEVICE 


=» HIGH PERFORMANCE SGS-THOMSON 
SINGLE-POLY E2PROM CMOS TECHNOLOGY 
— 10ns maximum propagation delay 
(GAL16V8AS-1 0xxx) 
= Fmax = 62.5MHz 
— 7ns max. from clock input to data output 
— TTL compatible 24mA outputs 
— SGS-THOMSON proprietary Single-Poly 
F3-G™ technology B C 
= GLITCH FREE DEVICE PDIP20 PLOG20 
— Enhanced design minimises ground bounce 
» VERY LOW POWER 
— 90mA typ. (115mA max.) Icc Half power 
selection, 45mA typ. (565 mA max.) Icc Quarter 
power selection, 27mA typ. (30 mA max.) Icc 
Eighth power selection 
=m ELECTRICAL ERASABLE CELL TECHNOLOGY 
— Reconfigurable logic/reprogrammable cells 
— 100% tested: guaranteed 100% final 
programming yield 
— High speed electrical program & erase 
a EIGHT OUTPUT MACROCELLS 
— Maximum flexibility for complex logic design 
— Programmable output polarity 
— Also emulates 21 types of 20 pin PAL® 
devices with full function/fuse 
map/parametric compatibility 
=» PRELOAD AND POWER-ON RESET OF ALL 
REGISTERS 
— 100% functional testability 
» ELECTRONIC SIGNATURE FOR USER’S 
IDENTIFICATION 


Pin Connections 
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DESCRIPTION 


The GAL16V8AS, at 10ns maximum propagation 
delay time, combines a high performance CMOS 
process with Electrical Erasable Single-Poly 
F3-G™ technology — SGS-THOMSON proprie- 
tary — to provide one of the highest speed-power 
performance products available in PLD market. 


CMOS circuit allows GAL16V8AS to consume just 
27mA typ. Icc (Eighth power selection, 15ns) which 
represents a 75% Saving in power when compared 
to its bipolar counterparts. Its E7-PROM CMOS 
technology offers high speed (50ms) erase time 
providing the ability to reprogram or reconfigure the 
device quickly and efficiently. 


GAL® is a registered trademark of Lattice Semiconductor Corp ; PAL® is a registered trademark of Monolithic Memories Inc. 
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GAL16V8AS features 8 programmable Output 
Logic Macro Cells (OLMCs) allowing each output 
to be configured by the user. Additionally, the 
GAL16V8AS is capable of emulating, in a func- 
tional/luse map/parametric compatible mode, 21 
types of 20 pin PAL® devices. Unique test circuits 


GAL16V8AS Block Diagram 
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GAL16V8AS PAL® Architecture Emulation 
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and reprogrammable cells allow complete AC, DC 
and functional testing during manufacture. 
Therefore, SGS-THOMSON guarantees 100% field 
programmability and functionality of GAL® devices. 
SGS-THOMSON also guarantees 100 erase/write 
cycles and data retention exceeding 20 years. 
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GAL16V8AS Logic Diagram 


Product Line Input Line Numbers 
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Absolute Maximum Ratings 


a 


Stresses above those listed under the “Absolute Maximum Ratings” may cause permanent damage to the 
device. These are stress only ratings and functional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this specification is not implied. 


ESD Immunity 

Test Method: Human Body Model (HBM) 
ESD Tolerance = 2000V 

(See MIL-STD 883c). 


Test Method: Charge Device Model (CDM) 
ESD Tolerance > 500V 
Test Instrument: KeyTek ZapMaster 


CDM is an additional test only for GAL®s not yet adopted as a company standard test. 
Switching Test Conditions Switching Test Circuit 


Input Pulse Levels GND to 3.0V 
Input Rise and Fall Times 3ns 10%-90% 


Input Timing Reference 


Output Timing Reference 


Levels 


TEST -POINT 


3-state levels are measured 0.5V from steady-state UNDER TEST 
active level. 


Test Conditions 


Active High: oo 
3 Active High: oo 5 
Active Low: 200 


C, includes jig and probe total capacitance 


* Guarantied but not 100% tested 
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DC Operating Conditions 


Commercial Industrial 
Symbol Parameter Temperature Range Temperature Range 


Ambient Temperature Lie | 


Input High Voltage 
Low Level Output Current 
High Level Output Current 


* Vgg ts the voltage applied to the GND pin 


Input Low Voltage 


Electrical Characteristics Over Operating Conditions (Commercial Temperature Range) 


Symbol Parameter Test Conditions 

Input Leakage Current GNDSVISV CC max 

Bidirectional Pin Leakage Current GNDSVISV CC max 
(only 15ns) 


Half Power 
ICC 
Output Short Circuit Current Vcoc=5.0V, VB=0.5V -150 -30 


Input Leakage Current GNDSVISV CC max 
Bidirectional Pin Leakage Current GNDSVISV CC max 


Led 
Half Power ae | Gap | 
Quarter Power 
and 20n8) ii me 
| -150_| 
La 


f=15MHz (Q, E) 


f=25MHz (H) Ce eal power 
WaeeV only 15 
Operating Power Supply Current aca and 20ns) 


ViH=3.0V Eighth Power 


on areal REA 
jefe | [als[alr 
3 
> 


2.4 


© 
on 


f=15MHz (Q, E) 
f=25MHz (H) 
Vec=V CC ius 
ViL=0.5V 
VIH=3.0V 


Icc Operating Power Supply Current 


Eighth Power 
(only 15ns) 


Output Short Circuit Current Vcoc=5.0V, VB=0.5V -150 


“One output at a time for a maximum duration of one second 
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Switching Characteristics Over Operating Conditions 


Product Term Output 
Disable to Output__| MPU | DUlPll 
Output Register a Registered 
Disable to Output Output ~ i: be ne - 


16V8AS 1 6V8AS 16V8AS 16V8AS 
Symbol Parameter 10° 12° 15 20 Units 


t Input or Feedback Setup 
oy Time (Before Clock Rise) 


Input or Feedback Hold 
Time (After Clock Rise) 


twh_ | Minimum Clock Width High 
twl Minimum Clock Width Low 


Clock Frequency 
Without Feedback 


58.8 


“ Commercial Temperature range only. 


' Refer to “Switching Test Conditions” 
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Switching Waveforms 
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FUNCTIONAL DESCRIPTION 


GAL16V8AS has a programmable AND array 
whose output terms feed a fixed (non programm- 
able) OR array, as bipolar PAL®. The 2 x 8 input 
lines enter the AND array as true or complemented 
form. 64 product terms are available allowing stand- 
ard Sum of Products Logic implementation. Each 
product term is obtained by appropriate connection- 
s between the input lines and the product term line. 
The connections can be made by programming the 
E*7PROM memory cell at each intersection of the 
AND matrix (2048 memory cells). The 64 product 
terms are divided into eight groups of 8 terms each. 
One product term for each group can be used to 
provide Output Enable control for combinational 
output, the others are connected with an OR gate 
into the corresponding OLMC (Output Logic Mac- 
rocell). The output buffer is in 3-state when the 
corresponding output enable signal is low. 


OUTPUT LOGIC MACROCELL (OLMC) 


The following discussion pertains to configuring the 
output logic macrocells. It should be noted that 


GAL16V8AS Output Logic Macrocell Pin 12 and 19 
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actual implementation is accomplished by develop- 
ment software/hardware and is completely trans- 
parent to the user. 


The outputs of the AND array are fed into an OLMC, 
where each output can be individually set to active 
high or active low, with either combinational (asyn- 
chronous) or registered (synchronous) configura- 
tions. A common output enable is connected to all 
registered outputs; product terms can be used to 
provide individual output enable control for combi- 
national outputs. All outputs have always pro- 
grammable polarity. 


The output logic macrocell provides the designer 
with maximum output flexibility in matching signal 
requirements, thus ploviding more functions than 
existing 20 pin PAL~ devices. 


Three different configuration modes of the OLMCs 
are possible: registered, complex and simple. The 
output of an OLMC in registered mode can be either 
registered or combinational. Different modes can- 
not be mixed: i.e. all OLMCs of a device have to be 
configured in simple, complex or registered mode. 


VO/Q(n) 
——— 
CJ 


FROM 
ADJACENT STAGE 
OUTPUT (m) 
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REGISTERED MODE 

In registered mode macrocells are configured as 
registered outputs or combinational inputs/outputs. 
Any macrocell can be configured as registered out- 
put or combinational input/output. Up to 8 registered 
outputs or up to 8 inputs/outputs are possible in this 
mode. 


Registered Output with Programmable Polarity 


SYN 0 
ACO 1 
AC1(n) 0 


FROM AND ARRAY 


FEEDBACK 


All registered macrocells share common clock and 
output enable control. Registered outputs have 8 
data product terms per output, while combinational 
inputs/outputs have only 7 data product terms per 
output: in the latter case the eighth product term 
serves as individual output enable control for each 
macrocell. 


Combinational Input/Output with Programmable OE and Polarity 


SYN 0 


If all the macrocells are configured in this mode 


ACO 1 
ACi(n) 14 
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COMPLEX MODE All macrocells have 7 data product terms per output; 
In complex mode macrocells are configured ascom- _the eighth product term is used as individual output 
binational inputs/outputs or outputs only. The two — enable control for each macrocell. The clock and 


outermost macrocells (12 and 19) do not have input —_ output enable pins (pins 1 and 11 respectively) are 
capability: so only 6 inputs/outputs are possible in always available as inputs. 


this mode. Applications requiring 8 inputs/outputs 
must be implemented in registered mode. 


Combinational Input/Output with Programmable OE and Polarity 


SYN 1 The two outermost macrocells can't perform this function 
ACO 4 in Complex Mode 


ACi(n) 1 


FROM AND ARRAY 


FEEDBACK 


Combinational Output with Programmable OE and Polarity 


SYN 1 In Complex Mode the two outermost macrocells are permanently 
ACO 1 configured in this mode 


ACi(n) 1 The other six macrocells can emulate this function 
by not using the feedback into the AND array 
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SIMPLE MODE . _ terms per output. The clock and output enable pins 
In simple mode macrocells are configured as dedi- (pins 1 and 11 respectively) are always available as 
cated inputs or as dedicated, always active, combi- _ inputs. 


national outputs. All macrocells have 8 data product 


Dedicated Input Mode 


SYN 1 
ACO O 
AC1(n) 1 


FEEDBACK < Pe 


FROM ADJACENT 
STAGE OUTPUT (m) 
OR FROM PIN 1/11 


Dedicated Combinational Output with Feedback and Programmable Polarity 


SYN 1 
ACO oO 
AC1(n) oO 


XOR(n) 


FEEDBACK 


FROM ADJACENT 
STAGE OUTPUT (m) 
OR FROM PIN 1/11 


FROM AND ARRAY 


Dedicated Combinational Output with Programmable Polarity 


SYN 1 
All the macrocells can emulate this function 
ACO O by not using the feedback into the AND array 


AC1(n) O 
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ROW ADDRESS MAP DESCRIPTION 

There are a total of 36 unique row addresses avail- 
able to the user when programming the GAL16V8AS 
device. Row addresses 0-31 each contain 64 bits of 
input term data. This is the AND array where the 
custom logic pattern is programmed. Row 32 is the 
Electronic Signature Word. It has 64 bits available 
for any user defined purpose. Row 33-59 are 
reserved by the manufacturer and are not available 
to users. 


Row 60 contains the architecture and output polarity 
information. The 82 bits within this word are pro- 
grammed to configure the device for a specific ap- 
plication. Row 61 contains a one bit security cell that 
when programmed prevents further pattern verifica- 
tion of the array. Row 63 is the row that is addressed 
to perform a bulk erase of the device, resetting it 
back to a virgin state. Each of these functions is 
described in the following sections. 


GAL16V8AS Row Addresses Map Block 
Diagram 


PT32—-PIS1 


AND AND 


ARRAY 


ELECTRONIC SIGNATURE} — | ELECTRONIC SIGNATURE 


os Reserved Address Space 
59 


60 | ARCHITECTURE CONTROL WORD 


61 [ | SECURITY CELL 
62 [| Reserved 
63 [ ] BULK ERASE 
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ELECTRONIC SIGNATURE WORD DESCRIPTION 
An electronic signature word is provided with every 
GAL16V8AS device. It resides at row address 32 
and contains 64 bits of reprogrammable memory 
that can contain user-defined data. Some uses in- 
clude user ID codes, revision numbers, or inventory 
control. This signature data is always available to the 
user independent of the state of the security cell. 


ARCHITECTURE CONTROL WORD 

All the various output configurations of the 
GALi6V8AS devices are controlled by programm- 
ing cells within the 82 bit Architecture Control Word 
that resides at row 60. The location of specific bits 
within the Architecture Control Word is shown in the 
control word diagram in figure below. The function 
of the SYN, ACO and AC1(n) bits have been ex- 
plained in the OUTPUT LOGIC MACROCELL de- 
scription. The eight polarity bits determine each 
output’s polarity individually. The numbers below the 
XOR(n) and AC1(n) bits in the architecture control 
word diagram shows the output device pin number 
that the polarity bits control. 


SECURITY CELL 

Row address 61 contains the Security Cell (one bit). 
The Security Cell is provided on all GAL16V8AS 
devices as a deterrent to unauthorized copying of 
the array configuration patterns. Once programmed, 
the circuitry enabling array access is disabled, pre- 
venting further verification of the array (rows 0-31). 
The cell can be erased only in conjunction with the 
array during a bulk erase cycle, so the original 
configuration can never be examined once this cell 
is programmed. Signature data is always available 
to the user. 


BULK ERASE MODE 

By addressing row 63 during a programming cycle, 
a Clear function performs a bulk erase of the array 
and the Architecture Control Word. In addition, the 
Electronic Signature Word and the Security Cell are 
erased. This mode resets a previously configured 
device back to its virgin state. 


OUTPUT REGISTER PRELOAD 
When testing state machine designs, all possible 
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states and state transitions must be verified in the 
design, not just those required in the normal ma- 
chine operations. This is because in system oper- 
ation, certain events occur that may throw the logic 
into an illegal state (power-up, line voltage glitches, 
brown-outs, etc.). To test a design for proper man- 
agement of these conditions, a method must be 
provided to break the feedback paths, and force any 
desired (e.g. illegal) state into a register. Then the 
machine can be sequenced and the outputs tested 
for the correct next state condition. The 
GAL16V8AS device includes circuitry that allows 
each registered output to be synchronously set 
either high or low. Thus, any present state condition 
can be forced for test sequencing. If necessary, 
approved GAL programmers capable of executing 
test vectors can perform output register preload 
automatically. 


The figure on the right shows the pin functions 
necessary to preload the register. This test mode is 
entered by raising PRLD to Vics (register preload 
input voltage, typically 15V), which enables the 
serial data in (Spin) buffer and the serial data out 
(Spout) buffer. Data is then serially shifted into the 
registers on each rising edge of the clock, Dctk. 
Only the macrocells with registered output configu- 
rations are loaded. If only 3 outputs have registers, 
then only 3 bits need be shifted in. The registers are 
loaded from the bottom up as shown in the figure 
on the right. 


LATCH-UP PROTECTION 

GAL® devices are designed with an on board 
charge pump to negatively bias the substrate. The 
negative bias is of sufficient magnitude to prevent 
input undershoots from causing the circuitry to 
latch. Additionally, outputs are designed with n- 
channel pullups instead of the traditional p-channe! 
pullups to eliminate any possibility of SCR induced 
latching. 


POWER-UP RESET 

Circuitry within the GAL16V8AS provides a reset 
signal to all registers during power-up. All internal 
registers will have their Q outputs set low after a 


Power-Up Reset Timing Diagram 


Clock Transitions | 


Registered 
Outputs 
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specified time (treset=1 0s). As a result, the state on 
the registered output pins (if they are enabled 
through OE) will always be high on power-up, re- 
gardless of the programmed polarity of the output 
pins. This features can greatly simplify state ma- 
chine design by providing a known state on power- 
up. 

The timing diagram for power-up is shown below. 
Because of the asynchronous nature of system 
power-up, the Vcc rise must be monotonic to guar- 
antee a valid power-up reset of the GAL16V8AS. 
The registers will reset within a maximum Of treset 
time: before this time any clock transition from low 
to high is forbidden to avoid undesired commuta- 
tions. As in normal system operation, avoid clocking 
the device until all input and feedback path setup 
times have been met (i.e. avoid clocking before the 
tor=tresetttsu time interval). 


DEVICES PROGRAMMING 

SGS-THOMSON strongly recommends the use of 
qualified programming hardware. Programming on 
unapproved equipment will invalidate all guaran- 
tees. 
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PACKAGE MECHANICAL DATA 
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Ordering Informations* 


SGS-THOMSON GAL®s are available in a variety of package and temperature ranges. 
General ordering code is reported below. 


GALI6V8AS- sw p t 


L Temperature 1 0°C to +70°C 
3 -40°C to +85°C (only for 15 and 20ns Speed selection) 


B 20 Pins PDIP 
C 20 Pins PLCC 


Package 


H Half Power 
Q Quarter Power (only for 15 and 20ns Speed selection) 
E Eighth Power (only for 15ns Speed selection) 


10 10ns 
12 12ns 
15 15ns 
20 20ns 


Example: ordering code for a GAL16V8AS, 12ns speed and Half Power in PDIP is 
GAL16V8AS-12HB1 


* Please contact local Product Marketing for latest update on package / temperature range availability. 
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E“-PROM CMOS PROGRAMMABLE LOGIC DEVICE 


» HIGH PERFORMANCE SGS-THOMSON 
SINGLE-POLY E2PROM CMOS TECHNOLOGY 
— 10ns maximum propagation delay 
(GAL20V8AS-10xxx) 
—_ Fmax = 62.5MHz 
— 7ns max. from clock input to data output 
— TTL compatible 24mA outputs 
— SGS-THOMSON proprietary Single-Poly 
F3-G™ technology 
» GLITCH FREE DEVICE 
— Enhanced design minimises ground bounce 
=» VERY LOW POWER 
— 90mA typ. (115mA max.) Icc Half power 
selection, 45mA typ. (55mA max.) Icc 
Quarter power selection, 27mA typ. 
(30mA max.) Icc Eighth power selection 
=» ELECTRICAL ERASABLE CELL TECHNOLOGY 
— Reconfigurable logic/reprogrammable cells 
— 100% tested: guaranteed 100% final 
programming yield 
— High speed electrical program & erase 
=» EIGHT OUTPUT MACROCELLS 
— Maximum flexibility for complex logic design 
— Programmable output polarity 
— Also emulates 21 types of 24 pin PAL® 
devices with full function/fuse 
map/parametric compatibility 
=» PRELOAD AND POWER-ON RESET OF ALL 
REGISTERS 
— 100% functional testability 
=» ELECTRONIC SIGNATURE FOR USER’S 
IDENTIFICATION 


DESCRIPTION 


The GAL20V8AS, at 10ns maximum propagation 
delay time, combines a high performance CMOS 
process with Electrical Erasable Single-Poly 
F3-G™ technology — SGS-THOMSON proprie- 
tary — to provide one of the highest speed-power 
performance products available in PLD market. 


CMOS circuit allows GAL20V8AS to consume just 
27mA (typ.) Icc (Eighth power selection, 15ns) 
which represents a 75% saving in power when 
compared to its bipolar counterparts. Its E7-PROM 
CMOS technology offers high speed (50ms) erase 
time providing the ability to reprogram or recon- 
figure the device quickly and efficiently. 
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Pin Names 


CLK Clock Input 


Output Enable 


Vcc Power 


GND 


GAL® ts a registered trademark of Lattice Semiconductor Corp.; PAL® 1s a registered trademark of Monolithic Memories Inc 


March 1992 
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GAL20V8AS features 8 programmable Output 
Logic Macro Cells (OLMCs) allowing each output 
to be configured by the user. Additionally, the 
GAL20V8AS is capable of emulating, in a func- 
tional/fuse map/parametric compatible mode, 21 
types of 24 pin PAL® devices. Unique test circuits 


GAL20V8AS Block Diagram 
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GAL20V8AS PAL® Architecture Emulation 
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and reprogrammable cells allow complete AC, DC 
and functional testing during manufacture. 

Therefore, SGS-THOMSON guarantees 1 100% field 
programmability and functionality of GAL® devices. 


SGS-THOMSON also guarantees 100 erase/write 
cycles and data retention exceeding 20 years. 
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GAL20V8AS Logic Diagram 
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Absolute Maximum Ratings 


Supply Voltage -0.5 to +7 
Input Voltage Applied -2.5 to Vec+1 


Off-State Output (Bidirectional) Voltage Applied -2.5 to Voc+1 
Storage Temperature -65 to +125 


Junction Temperature (Operating) -40 to +125 


Lead Temperature (Soldering) 260 (for 10s max.) 


Stresses above those listed under the “Absolute Maximum Ratings” may cause permanent damage to the 
device. These are stress only ratings and functional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this specification is not implied. 


ESD Immunity 

Test Method: Human Body Model (HBM) 
ESD Tolerance = 2000V 

(See MIL-STD 883c). 


Test Method: Charge Device Model (CDM) 

ESD Tolerance 2 500V 

Test Instrument: KeyTek ZapMaster 

CDM is an additional test only for GAL®s not yet adopted as a company standard test. 


Switching Test Conditions Switching Test Circuit 


Input Pulse Levels GND to 3.0V 
Input Rise and Fall Times 3ns 10%-90% 


Input Timing Reference 
5V 


Output Timing Reference { 
Levels 


3-state levels are measured 0.5V from steady-state 
active level. 


FROM OUTPUT 
UNDER TEST 


TEST POINT 


Test Conditions 


Active High: 
3 Active High: oo 5 
Active Low: 200 


Capacitance (Ta=25°C, f=1.0MHz, Vcc=5V) 


* Guarantied but not 100% tested 


C, includes jig and probe total capacitance 
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DC Operating Conditions 


Commercial Industrial 
Parameter Temperature Range Temperature Range 


Low Level Output Current 


* Vss is the voltage applied to the GND pin. 


[ta | Ambient Temperature | 0 | 70 | 
[vu | tputtow vorage | vss%os | 08 
aed 

IOH -3.2 


Electrical Characteristics Over Operating Conditions (Commercial Temperature Range) 


Symbol Parameter Test Conditions 
Input Leakage Current GNDSVISV CC max 
Bidirectional Pin Leakage Current GNDSVISV CC max 


f=15MHz (Q, E) 
f=25MHz (H) ae aris 
Voc=V only 
Icc Operating Power Supply Current 7 oe Max and 20ns) 
VIH=3.0V | Eighth Power 
(only 15ns) 
Output Short Circuit Current Vcoc=5.0V, VB=0.5V 
Output Low Voltage 


Output High Voltage 


Symbol Parameter Test Conditions 
Input Leakage Current GNDSVISV CC max 
Bidirectional Pin Leakage Current GNDSVISV CC max 


pov | 
| Min. | Max. | Units _ 
Led 
Lea 

Half Power ion oe 

SSMS th” Quarter Power 
Icc Operating Power Supply Current yee ay Max po i ) fe mA 
(only 15ns) | - | 

| -t50 | 30 | mA 
= 


VIH=3.0V | Eighth Power 
Output Short Circuit Current Vcc=5.0V, VB=0.5V -150 mA 


“One output at a time for a maximum duration of one second. 
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Switching Characteristics Over Operating Conditions 


Symbol Parameter From To 10 12 15 20 Units 
pe owe foe 


AC Operating Conditions 
20V8AS 20V8AS 20V8AS 20V8AS 
10” 12° 15 20 nits 
ns 


mami tet om 
Input or Feedback Setup Time 15 
(Before Clock Rise) 
Input or Feedback Hold Time 
(After Clock Rise) 


tsu 
th 
Minimum Clock Width High 
+ 


Minimum Clock Width Low 
Clock Frequency Without Feedback 


Clock Frequency With Feedback 58.8 


“ Commercial Temperature range only 


* Refer to “Switching Test Conditions”. 


eee ee * fon = ——— 
twnt+twi tsutteco 


Switching Waveforms 


Sree, TOOK ALE MELT KIRK BE arie WeUT KVR VR 
vornee SOK RESON? we PSO RI ee 
th 


FEEDBACK 
t t 


Y 
su 


wh wil 


OUTPUTS 


poke tae r 


Z\ 


ANY INPUT . 

oROc rate, OR KAXKK KKK KKK KKK KKK KKK KKK KKK KKK KKK 

wore RSI II 
t en 


pd t dis 


COMBINATIONAL XKXXKXKXKX XXX) 3-State 
curs SOOOROK 


6/14 é 
oi ___ 7 sc-tomson 


FUNCTIONAL DESCRIPTION 


GAL20V8AS has a programmable AND array 
whose output terms feed a fixed (non programm- 
able) OR array, as bipolar PAL®. The 2 x 10 input 
lines enter the AND array as true or complemented 
form. 64 product terms are available allowing stand- 
ard Sum of Products Logic implementation. Each 
product term is obtained by appropriate connection- 
s between the input lines and the product term line. 
The connections can be made by programming the 
E*PROM memory cell at each intersection of the 
AND matrix (2560 memory cells). The 64 product 
terms are divided into eight groups of 8 terms each. 
One product term for each group can be used to 
provide Output Enable control for combinational 
output, the others are connected with an OR gate 
into the corresponding OLMC (Output Logic Mac- 
rocell). The output buffer is in 3-state when the 
corresponding output enable signal is low. 


OUTPUT LOGIC MACROCELL (OLMC) 


The following discussion pertains to configuring the 
output logic macrocells. It should be noted that 


GAL20V8AS Output Logic Macrocell Pin 15 and 22 
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actual implementation is accomplished by develop- 
ment software/hardware and is completely trans- 
parent to the user. 


The outputs of the AND array are fed into an OLMC, 
where each output can be individually set to active 
high or active low, with either combinational (asyn- 
chronous) or registered (synchronous) configura- 
tions. Acommon output enable is connected to all 
registered outputs; product terms can be used to 
provide individual output enable control for combi- 
national outputs. All outputs have always pro- 
grammable polarity. 


The output logic macrocell provides the designer 
with maximum output flexibility in matching signal 
requirements, thus providing more functions than 
existing 24 pin PAL™ devices. 


Three different configuration modes of the OLMCs 
are possible: registered, complex and simple. The 
output of an OLMC in registered mode can be either 
registered or combinational. Different modes cannot 
be mixed: i.e. all OLMCs of a device have to be 
configured in simple, complex or registered mode. 


FROM 
PIN 14/23 


FROM 
ADJACENT STAGE 
OUTPUT (m) 
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REGISTERED MODE 


In registered mode macrocells are configured as 
registered outputs or combinational inputs/outputs. 
Any macrocell can be configured as registered out- 
put or combinational input/output. Up to 8 registered 
outputs or up to 8 inputs/outputs are possible in this 
mode. 


Registered Output with Programmable Polarity 


SYN 0 
ACO 1 
AC1(n) 0 


FROM AND ARRAY 


XOR(n) 


FEEDBACK 


All registered macrocells share common clock and 
output enable control. Registered outputs have 8 
data product terms per output, while combinational 
inputs/outputs have only 7 data product terms per 
output: in the latter case the eighth product term 
serves as individual output enable control for each 
macrocell. 


Combinational Input/Output with Programmable OE and Polarity 


SYN 0 


If all the macrocells are configured in this mode 


ACO 1 
ACi(n) 1 


FROM AND ARRAY 


XOR(n) 


FEEDBACK 


the CLK and OE pins don’t have any function 


O(n) 


Led 
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COMPLEX MODE 


In complex mode macrocells are configured as com- 
binational inputs/outputs or outputs only. The two 
outermost macrocells (15 and 22) do not have input 
capability: so only 6 inputs/outputs are possible in 
this mode. Applications requiring 8 inputs/outputs 
must be implemented in registered mode. 


GAL20V8AS 


All macrocells have 7 data product terms per output; 
the eighth product term is used as individual output 
enable control for each macrocell. The clock and 
output enable pins (pins 1 and 13 respectively) are 
always available as inputs. 


Combinational Input/Output with Programmable OE and Polarity 


SYN 1 
ACO 1 
ACi(n) 1 


FROM AND ARRAY 


XOR(n) 


FEEDBACK 


The two outermost macrocells can’t perform this function 
in Complex Mode 


O(n) 


Combinational Output with Programmable OE and Polarity 


SYN 1 
ACO 1 
AC1(n) 1 
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In Complex Mode the two outermost macrocells are permanently 
configured in this mode 


The other six macrocells can emulate this function 
by not using the feedback into the AND array 


Only for the two outermost macrocells | 
| FEEDBACK 
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SIMPLE MODE (15 and 22) can be configured as dedicated inputs. 


In simple mode macrocells are configured as dedi- All macrocells have 8 data product terms per output. 
cated inputs or as dedicated, always active, combi- The clock and output enable pins (pins 1 and 13 
national outputs. Only the two outermost macrocells respectively) are always available as inputs. 


Dedicated Input Mode 


SYN 1 
ACO O 
AC1(n) 1 


FEEDBACK < —— — 


FROM ADJACENT 
STAGE OUTPUT (m) 
OR FROM PIN 14/23 


Dedicated Combinational Output with Feedback and Programmable Polarity 


SYN 1 
ACO oO 
AC1(n) 0 


FROM AND ARRAY 


XOR(n) 
FEEDBACK < Pn = 


FROM ADJACENT 
STAGE OUTPUT (m) 
OR FROM PIN 14/23 


Dedicated Combinational Output with Programmable Polarity 


SYN 1 
All the macrocells can emulate this function 


ACO O by not using the feedback into the AND array 
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ROW ADDRESS MAP DESCRIPTION 

There are a total of 44 unique row addresses avail- 
able to the user when programming the GAL20V8AS 
device. Row addresses 0-39 each contain 64 bits of 
input term data. This is the AND array where the 
custom logic pattern is programmed. Row 40 is the 
Electronic Signature Word. It has 64 bits available 
for any user defined purpose. Row 41-59 are 
reserved by the manufacturer and are not available 
to users. 


Row 60 contains the architecture and output polarity 
information. The 82 bits within this word are pro- 
grammed to configure the device for a specific ap- 
plication. Row 61 contains a one bit security cell that 
when programmed prevents further pattern verifica- 
tion of the array. Row 63 is the row that is addressed 
to perform a bulk erase of the device, resetting it 
back to a virgin state. Each of these functions is 
described in the following sections. 


GAL20V8AS Row Addresses Map Block 
Diagram 
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61 | | SECURITY CELL 
62 [| Reserved 
63 | | BULK ERASE 


GAL20V8AS Architecture Control Word Diagram 
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ELECTRONIC SIGNATURE WORD DESCRIPTION 
An electronic signature word is provided with every 
GAL20V8AS device. It resides at row address 40 
and contains 64 bits of reprogrammable memory 
that can contain user-defined data. Some uses in- 
clude user ID codes, revision numbers, or inventory 
control. This signature data is always available to the 
user independent of the state of the security cell. 


ARCHITECTURE CONTROL WORD 

All the various output configurations of the 
GAL20V8AS devices are controlled by programm- 
ing cells within the 82 bit Architecture Control Word 
that resides at row 60. The location of specific bits 
within the Architecture Control Word is shown in the 
control word diagram in figure below. The function 
of the SYN, ACO and AC1(n) bits have been ex- 
plained in the OUTPUT LOGIC MACROCELL de- 
scription. The eight polarity bits determine each 
outputs polarity individually. The numbers below the 
XOR(n) and AC1(n) bits in the architecture control 
word diagram shows the output device pin number 
that the polarity bits control. 


SECURITY CELL 

Row address 61 contains the Security Cell (one bit). 
The Security Cell is provided on all GAL20V8AS 
devices as a deterrent to unauthorized copying of 
the array configuration patterns. Once programmed, 
the circuitry enabling array access is disabled, pre- 
venting further verification of the array (rows 0-39). 
The cell can be erased only in conjunction with the 
array during a bulk erase cycle, so the original 
configuration can never be examined once this cell 
is programmed. Signature data is always available 
to the user. 


BULK ERASE MODE 

By addressing row 63 during a programming cycle, 
a clear function performs a bulk erase of the array 
and the Architecture Control! Word. In addition, the 
Electronic Signature Word and the Security Cell are 
erased. This mode resets a previously configured 
device back to its virgin state. 


OUTPUT REGISTER PRELOAD 
When testing state machine designs, all possible 
states and state transitions must be verified in the 
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design, not just those required in the normal ma- 
chine operations. This is because in system oper- 
ation, certain events occur that may throw the logic 
into an illegal state (power-up, line voltage glitches, 
brown-outs, etc.). To test a design for proper man- 
agement of these conditions, a method must be 
provided to break the feedback paths, and force any 
desired (e.g. illegal) state into a register. Then the 
machine can be sequenced and the outputs tested 
for the correct next state condition. The GAL20V8AS 
device includes circuitry that allows each registered 
output to be synchronously set either high or low. 
Thus, any present state condition can be forced for 
test sequencing. If necessary, approved GAL pro- 
grammers capable of executing test vectors can 
perform output register preload automatically. 


The figure on the right shows the pin functions 
necessary to preload the register. This test mode is 
entered by raising PRLD to Vics (register preload 
input voltage, typically 15V), which enables the serial 
data in (Spin) buffer and the serial data out (SpourT) 
buffer. Data is then serially shifted into the registers 
on each rising edge of the clock, DcLk. Only the 
macrocells with registered output configurations are 
loaded. If only 3 outputs have registers, then only 3 
bits need be shifted in. The registers are loaded from 
the bottom up as shown in the figure on the right. 


LATCH-UP PROTECTION 

GAL® devices are designed with an on board charge 
pump to negatively bias the substrate. The negative 
bias is of sufficient magnitude to prevent input under- 
shoots from causing the circuitry to latch. Addition- 
ally, outputs are designed with n-channel pullups 
instead of the traditional p-channel pullups to elimi- 
nate any possibility of SCR induced latching. 


POWER-UP RESET 

Circuitry within the GAL2OV8AS provides a reset 
signal to all registers during power-up. All internal 
registers will have their Q outputs set low after a 
specified time (treset=10us). As a result, the state on 


Power-Up Reset Timing Diagram 


Registered 
Outputs 
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Clock Transitions | 


Output Register Preload Pinout 


the registered output pins (if they are enabled 
through OE) will always be high on power-up, re- 
gardless of the programmed polarity of the output 
pins. This features can greatly simplify state ma- 
chine design by providing a known state on power- 
up. 

The timing diagram for power-up is shown below. 
Because of the asynchronous nature of system 
power-up, the Vcc rise must be monotonic to guar- 
antee a valid power-up reset of the GAL20V8AS. 
The registers will reset within a maximum of treset 
time: before this time any clock transition from low 
to high is forbidden to avoid undesired commuta- 
tions. As in normal system operation, avoid clocking 
the device until all input and feedback path setup 
times have been met (i.e. avoid clocking before the 
tor=tresett+tsu time interval). 


DEVICES PROGRAMMING 

SGS-THOMSON strongly recommends the use of 
qualified programming hardware. Programming on 
unapproved equipment will invalidate all guaran- 
tees. 
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PACKAGE MECHANICAL DATA 
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Ordering Informations* 


SGS-THOMSON GAL®s are available in a variety of package and temperature ranges. 
General ordering code is reported below. 


GAL20V8AS-s wp t j 


PLCC Pinout J Jedec Pinout 


Temperature 1 0°C to +70°C 
3 -40°C to+85°C (only for 15 and 20ns Speed selection) 


Package 24 Pins PDIP 
C 28 Pins PLCC 


H Half Power 
Q Quarter Power (only for 15 and 20ns Speed selection) 
E Eighth Power (only for 15ns Speed selection) 


10 10ns 
12 12ns 
15 15ns 
20 20ns 


Example: ordering code for a GAL20V8AS, 12ns speed and Half Power in PLCC (Jedec pinout) is 
GAL20V8AS-12HC1J 


* Please contact local Product Marketing for latest update on package / temperature range availability. 
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E°PROM CMOS PROGRAMMABLE LOGIC DEVICE 


» HIGH PERFORMANCE SGS-THOMSON 
SINGLE-POLY E27PROM CMOS TECHNOLOGY 
— 20ns maximum propagation delay 
(GAL16V8S-20Exx) 
— Fmax = 41.6MHz 
— 15ns max. from clock input to data output 
— TTL compatible 24mA outputs 
— SGS-THOMSON proprietary Single-Poly 
F3-G™ technology 
» VERY LOW POWER 
— 24mA typ. (27mA max.) Icc 
=» ELECTRICAL ERASABLE CELL TECHNOLOGY 
— Reconfigurable logic/reprogrammable cells 
— 100% tested: guaranteed 100% final 
programming yield 
— High speed electrical program & erase 
» EIGHT OUTPUT MACROCELLS 
— Maximum flexibility for complex logic design 
— Programmable output polarity 
— Also emulates 21 types of 20 pin PAL® 
devices with full function/fuse 
map/parametric compatibility 
» PRELOAD AND POWER-ON RESET OF ALL 
REGISTERS 
— 100% functional testability 
» ELECTRONIC SIGNATURE FOR USER’S 
IDENTIFICATION 


DESCRIPTION 


The GAL16V8S, at 20ns maximum propagation 
delay time, combines a high performance CMOS 
process with Electrical Erasable Single-Poly 
F3-G™ technology — SGS-THOMSON proprie- 
tary — to provide one of the highest performance- 
cost2 produsct available in PLD market. 


CMOS circuit allows GAL16V8S to consume just 
24mA (typ.) lcc which represents a 85% saving in 
power when compared to its bipolar counterparts. 
Its E-PROM CMOS technology offers high speed 
(50ms) erase time providing the ability to repro- 
gram or reconfigure the device quickly and effi- 
ciently. 


GAL16V8S features 8 programmable Output Logic 
Macro Cells (OLMCs) allowing each output to be 
configured by the user. Additionally, the GAL16V8S 
is capable of emulating, in a functional/fuse 


B Cc 
PDIP20 PLCC20 


Pin Connections 
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map/parametric compatible mode, 21 types of 20 
pin PAL® devices. Unique test circuits and repro- 
grammable cells allow complete AC, DC and func- 
tional testing during manufacture. 


GAL16V8S Block Diagram 
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Therefore, SGS- THOMSON guarantees 100% field 
programmability and functionality of GAL® devices. 
SGS-THOMSON also guarantees 100 erase/write 
cycles and data retention exceeding 20 years. 
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GAL16V8S Logic Diagram 


Product Line Input Line Numbers 
First Cell Numbers 
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Absolute Maximum Ratings 


Parameter 


Off-State Output (Bidirectional) Voltage Applied 


Storage Temperature -65 to +125 
Lead Temperature (Soldering) 260 (for 10s max.) 


Stresses above those listed under the “Absolute Maximum Ratings” may cause permanent damage to the 
device. These are stress only ratings and functional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this specification is not implied. 


ESD Immunity 

Test Method: Human Body Model (HBM) 
ESD Tolerance = 2000V 

(See MIL-STD 883c). 


Test Method: Charge Device Model (CDM) 
ESD Tolerance = 500V 
Test Instrument: KeyTek ZapMaster 


CDM is an additional test only for GAL®s not yet adopted as a company standard test. 


Switching Test Conditions Switching Test Circuit 


Input Pulse Levels GND to 3.0V 
Input Rise and Fall Times 3ns 10%-90% 


Input Timing Reference 
Output Timing Reference 4.5V 
Levels ; 


3-Sstate levels are measured 0.5V from steady-state 
active level. 


FROM OUTPUT 
UNDER TEST 


TEST POINT 


Test Conditions 
Active High: oo 
3 Active High: co 5 
Active Low: 200 


C, includes jig and probe total capacitance 


4/15 
— ky paatioseatae 


GAL16V8S 


Capacitance (Ta=25°C, f=1.0MHz, Vcc=5V) 


Bidirectional Pin Capacitance 


* Guarantied but not 100% tested. 


DC Operating Conditions 


Commercial 


Parameter Temperature Range 


* Vgs is the voltage applied to the GND pin 


Electrical Characteristics Over Operating Conditions (Commercial Temperature Range) 


Input Leakage Current GNDSVISV CC max f=] 
Bidirectional Pin Leakage Current GNDSVISV CC max (= | 


f=15MHz 
Operating Power Supply Current re = ae Max 
ViH=3.0V 


Icc 

los* 

[vor [—Ouiputtow vorage | Cd os 

vow | ouputtonvowse | = Sid ee | - |v 
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Electrical Characteristics Over Operating Conditions (Industrial Temperature Range) 


Symbol Parameter Test Conditions 


mA 
VIH=3.0V 


36 
Output Short Circuit Current Vcoc=5.0V, VB=0.5V -150 
P= fos |v 


Input Leakage Current GNDSVISV CC Max 
Bidirectional Pin Leakage Current GNDSVISV CC max 


f=15MHz 
Vcc =V CC Max 


Icc Operating Power Supply Current ViL=0.5V 


F Von | Output Low Voltage 
Output High Voltage 


* One output at a time for a maximum duration of one second 
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Switching Characteristics Over Operating Conditions 


Parameter | From | 


Test. 
to | ax. | unis Cond.” 
Combinational Propagation Delay Input Output 


cel 
Teo | Glock to Output Delay | Clock | Registered Gupat | 15 
Tien | Product Term Output Enable to Out | Input | Outpat_———+| 20 


Input or Feedback Setup Time (Before Clock Rise) 
Input or Feedback Hold Time (After Clock Rise) 


* Refer to “Switching Test Conditions”. 
1 


Pot a ie * fot = 
twh+twi tsut+teco 


Switching Waveforms 
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FUNCTIONAL DESCRIPTION 


GAL16V8S has a programmable AND array whose 
output terms feed a fixed (non programmable) OR 
array, as bipolar PAL®. The 2 x 8 input lines enter 
the AND array as true or complemented form. 64 
product terms are available allowing standard Sum 
of Products Logic implementation. Each product 
term is obtained by appropriate connections be- 
tween the input lines and the product term line. The 
connections can be made by programming the 
E°7PROM memory cell at each intersection of the 
AND mairix (2048 memory cells). The 64 product 
terms are divided into eight groups of 8 terms each. 
One product term for each group can be used to 
provide Output Enable control for combinational 
output, the others are connected with an OR gate 
into the corresponding OLMC (Output Logic Mac- 
rocell). The output buffer is in 3-state when the 
corresponding output enable signal is low. 


OUTPUT LOGIC MACROCELL (OLMC) 


The following discussion pertains to configuring the 
output logic macrocells. It should be noted that 


GAL16V8S Output Logic Macrocell Pin 12 and 19 


AC1(n) 
le] 
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actual implementation is accomplished by develop- 
ment software/hardware and is completely trans- 
parent to the user. 


The outputs of the AND array are fed into an OLMC, 
where each output can be individually set to active 
high or active low, with either combinational (asyn- 
chronous) or registered (Synchronous) configura- 
tions. Acommon output enable is connected to all 
registered outputs; product terms can be used to 
provide individual output enable control for combi- 
national outputs. All outputs have always pro- 
grammable polarity. 


The output logic macrocell provides the designer 
with maximum output flexibility in matching signal 
requirements, thus providing more functions than 
existing 20 pin PAL* devices. 


Three different configuration modes of the OLMCs 
are possible: registered, complex and simple. The 
output of an OLMC in registered mode can be either 
registered or combinational. Different modes can- 
not be mixed: i.e. all OLMCs of a device have to be 
configured in simple, complex or registered mode. 


FROM 
PIN 1/11 


FROM 
ADJACENT STAGE 
OUTPUT (m) 
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REGISTERED MODE 


In registered mode macrocells are configured as 
registered outputs or combinational inputs/outputs. 
Any macrocell can be configured as registered out- 
put or combinational input/output. Up to 8 registered 
outputs or up to 8 inputs/outputs are possible in this 
mode. 


Registered Output with Programmable Polarity 


SYN 0 
ACO 1 
ACi(n) 0 


FROM AND ARRAY 


FEEDBACK 


All registered macrocells share common clock and 
output enable control. Registered outputs have 8 
data product terms per output, while combinational 
inputs/outputs have only 7 data product terms per 
output: in the latter case the eighth product term 
serves as individual output enable control for each 
macrocell. 


Combinational Input/Output with Programmable OE and Polarity 


SYN 0 


If all the macrocells are configured in this mode 


ACO 1 
AC1(n) 1 


FROM AND ARRAY 


FEEDBACK 
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the CLK and OE pins don’t have any function 
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COMPLEX MODE 


In complex mode macrocells are configured as com- 
binational inputs/outputs or outputs only. The two 
outermost macrocells (12 and 19) do not have input 
capability: so only up to 6 inputs/outputs are possible 
in this mode. Applications requiring 8 inputs/outputs 
must be implemented in registered mode. 


GAL16V8S 


All macrocells have 7 data product terms per output; 
the eighth product term is used as individual output 
enable control for each macrocell. The clock and 
output enable pins (pins 1 and 11 respectively) are 
always available as inputs. 


Combinational Input/Output with Programmable OE and Polarity 


SYN 1 
ACO 1 
AC1(n) 1 


FROM AND ARRAY 


XOR(n) 


FEEDBACK 


The two outermost macrocells can’t perform this function 
in Complex Mode 


O(n) 


Combinational Output with Programmable OE and Polarity 
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ACO 1 
ACi(n) 1 
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XOR(n) 


In Complex Mode the two outermost macrocells are permanently 
configured in this mode 


The other six macrocells can emulate this function 
by not using the feedback into the AND array 
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SIMPLE MODE 


In simple mode macrocells are configured as dedi- 
cated inputs or as dedicated, always active, combi- 
national outputs. The two central macrocells (15 
and 16) cannot be used in the input configuration. 


Dedicated Input Mode 


SYN 1 
ACO O 
AC1(n) 1 


For the 
macrocells 
from 13 to 18 


O No Feedback 


AC1(m) 
1 Feedback 


All macrocells have 8 data product terms per output. 
The clock and output enable pins (pins 1 and 11 
respectively) are always available as inputs. 


FROM ADJACENT 
STAGE OUTPUT (m) 
OR FROM PIN 1/11 


Dedicated Combinational Output with Feedback and Programmable Polarity 


SYN 1 
ACO O 
AC1(n) oO 


AC1(m) 


FROM AND ARRAY 


XOR(n) 


Voc 


O No Feedback 
1 Feedback 
O(n 


FEEDBACK 


FROM ADJACENT 
STAGE OUTPUT (m) 
OR FROM PIN 1/11 


Dedicated Combinational Output with Programmable Polarity 


SYN 1 


All the macrocells can emulate this function 
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ROW ADDRESS MAP DESCRIPTION 

There are a total of 36 unique row addresses avail- 
able to the user when programming the GAL16V8S 
device. Row addresses 0-31 each contain 64 bits of 
input term data. This is the AND array where the 
custom logic pattern is programmed. Row 32 is the 
Electronic Signature Word. It has 64 bits available 
for any user defined purpose. Row 33-59 are 
reserved by the manufacturer and are not available 
to users. 


Row 60 contains the architecture and output polarity 
information. The 82 bits within this word are pro- 
grammed to configure the device for a specific ap- 
plication. Row 61 contains a one bit security cell that 
when programmed prevents further pattern verifica- 
tion of the array. Row 63 is the rcw that is addressed 
to perform a bulk erase of the device, resetting it 
back to a virgin state. Each of these functions is 
described in the following sections. 


GAL16V8S Row Addresses Map Block 
Diagram 
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GAL16V8S Architecture Control Word Diagram 
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ELECTRONIC SIGNATURE WORD DESCRIPTION 
An electronic signature word is provided with every 
GAL16V8S device. It resides at row address 32 and 
contains 64 bits of reprogrammable memory that 
can contain user-defined data. Some uses include 
user ID codes, revision numbers, or inventory con- 
trol. This signature data is always available to the 
user independent of the state of the security cell. 


ARCHITECTURE CONTROL WORD 

All the various output configurations of the 
GAL16V8S devices are controlled by programming 
cells within the 82 bit Architecture Control Word that 
resides at row 60. The location of specific bits within 
the Architecture Control Word is shown in the control 
word diagram in figure below. The function of the 
SYN, ACO and AC1(n) bits have been explained in 
the OUTPUT LOGIC MACROCELL description. The 
eight polarity bits determine each output’s polarity 
individually. The numbers below the XOR(n) and 
AC1(n) bits in the architecture control word diagram 
shows the output device pin number that the polarity 
bits control. 


SECURITY CELL 

Row address 61 contains the Security Cell (one bit). 
The Security Cell is provided on all GAL16V8S 
devices as a deterrent to unauthorized copying of 
the array configuration patterns. Once programmed, 
the circuitry enabling array access is disabled, pre- 
venting further verification of the array (rows 0-31). 
The cell can be erased only in conjunction with the 
array during a bulk erase cycle, so the original 
configuration can never be examined once this cell 
is programmed. Signature data is always available 
to the user. 


BULK ERASE MODE 

By addressing row 63 during a programming cycle, 
a Clear function performs a bulk erase of the array 
and the Architecture Control Word. In addition, the 
Electronic Signature Word and the Security Cell are 
erased. This mode resets a previously configured 
device back to its virgin state. 


OUTPUT REGISTER PRELOAD 
When testing state machine designs, all possible 
states and state transitions must be verified in the 


| 82 Bits | 


52 Product Term} 4 Bits} 1 Bit 8 Bits 1 Bit} 4 Bits} 32 Product Term 
Disables XOR | SYN AC1(n) ACO | XOR Disables 
“ Pt 


PT32 12 13 14 15 


12 13 14 15 16 17 18 19 


16 17 18 19 PT31 
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design, not just those required in the normal ma- 
chine operations. This is because in system oper- 
ation, certain events occur that may throw the logic 
into an illegal state (power-up, line voltage glitches, 
brown-outs, etc.). To test a design for proper man- 
agement of these conditions, a way must be pro- 
vided to break the feedback paths, and force any 
desired (e.g. illegal) state into a register. Then the 
machine can be sequenced and the outputs tested 
for the correct next state condition. The GAL16V8S 
device includes circuitry that allows each registered 
output to be synchronously set either high or low. 
Thus, any present state condition can be forced for 
test sequencing. If necessary, approved GAL pro- 
grammers capable of executing test vectors can 
perform output register preload automatically. 


The figure on the right shows the pin functions 
necessary to preload the register. This test mode is 
entered by raising PRLD to Vics (register preload 
input voltage, typically 15V), which enables the serial 
data in (Spin) buffer and the serial data out (Spout) 
buffer. Data is then serially shifted into the registers 
on each rising edge of the clock, Dctk. Only the 
macrocells with registered output configurations are 
loaded. If only 3 outputs have registers, then only 3 
bits need be shifted in. The registers are loaded from 
the bottom up as shown in the figure on the right. 


LATCH-UP PROTECTION 

GAL® devices are designed with an on board charge 
pump to negatively bias the substrate. The negative 
bias is of sufficient magnitude to prevent input under- 
shoots from causing the circuitry to latch. Addition- 
ally, outputs are designed with n-channel pullups 
instead of the traditional p-channel pullups to elimi- 
nate any possibility of SCR induced latching. 


POWER-UP RESET 

Circuitry within the GAL16V8S provides a reset sig- 
nal to all registers during power-up. All internal reg- 
isters will have their Q outputs set low after a 
specified time (treset=10ps). As a result, the state on 
the registered output pins (if they are enabled 


Power-Up Reset Timing Diagram 


Registered 
Outputs 
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Clock Transitions | 


Output Register Preload Pinout 


through OE) will always be high on power-up, re- 
gardless of the programmed polarity of the output 
pins. This features can greatly simplify state ma- 
chine design by providing a known state on power- 
up. 


The timing diagram for power-up is shown below. 
Because of the asynchronous nature of system 
power-up, the Vcc rise must be monotonic to guar- 
antee a valid power-up reset of the GAL16V8S. The 
registers will reset within a maximum of treset time: 
before this time any clock transition from low to high 
is forbidden to avoid undesired commutations. As in 
normal system operation, avoid clocking the device 
until all input and feedback path setup times have 
been met (i.e. avoid clocking before the tpr=treset+tsu 
time interval). 


DEVICES PROGRAMMING 

SGS-THOMSON strongly recommends the use of 
qualified programming hardware. Programming on 
unapproved equipment will invalidate all guaran- 
tees. 


Valid 
Clock Signals 


Forbidden 
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TYPICAL CHARACTERISTICS 


OPERATING CURRENT vs TEMPERATURE 


DATA NORMALIZED TO T=25 C 
@ Vec =5 5v, f= 15MHz 


-50 -25 0 25 50 75 100 125 
T (°C) 


RELATIVE DELAY vs CAPACITIVE LOAD 


HIGH to LOW transition 
T=25°C, R,=1MaQ 


“0 50 100 150 200 250 300 350 400 450 £500 


C . (pF) 


RELATIVE DELAY vs PULL-UP RESISTOR 
At (ns) 
1 


HIGH to LOW transition 
T=25°C, C,=5pF 


05 


05 100 200 500 1,000 2,000 5,000 
R 1 (Q) 


NORMALIZED DELAY vs TEMPERATURE 


DATA NORMALIZED TO 
Veg=5v, T=25°C 
LOAD 1402, 50pF 

I 
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OPERATING CURRENT vs FREQUENCY 
ly 
2 


DATA NORMALIZED TO f=15MHz, Vec=5 Ov 
TWO OUTPUT SWITCHING @ T=25°C, NO LOAD 


f (MHz) 


RELATIVE DELAY vs CAPACITIVE LOAD 


At (ns) 
15 


1 
1 ce 
cc 
5 + + ~ + 
‘ 
\ 
0 f 


LOW to HIGH transition 
T=25°C, R,=1MQ 


0 50 100 150 200 250 300 350 400 450 # £500 


C,(pF) 


RELATIVE DELAY vs PULL-UP RESISTOR 
At (ns) 
: Vee =4 SV LOW to HIGH transition 


T=25°C, C,= 5pF 
Vee =5 Ov 


-25 


“555 100 200 500 1,000 2,000 5,000 
R 1 (Q) 


NORMALIZED t,, vs SWITCHING OUTPUTS 
vt, 


12 


7 —_________ DATA NORMALIZED TO N=2, V,,=5 Ov 
T=25 ‘TC, NO LOAD 
@ V.,.=5 Ov 
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PACKAGE MECHANICAL DATA 


PDIP 20 Pins 


Pra 


PLCC 20 Pins 
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Ordering Informations* 


SGS-THOMSON GAL®s are available in a variety of package and temperature ranges. 
General ordering code is reported below. 


GAL16V8S-s woop t 
|. Temperature 1 0°C to +70°C 


3 -40°C to +85°C 


Package B 20 Pins PDIP 
C 20 Pins PLCC 


E Eighth Power 


Speed 20 20ns 


Example: ordering code for a GAL16V8S, 20ns speed and Eighth Power in PDIP is 
GAL16V8S-20EB1 


* Please contact local Product Marketing for latest update on package / temperature range availability. 
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E°-PROM CMOS PROGRAMMABLE LOGIC DEVICE 


# HIGH PERFORMANCE SGS-THOMSON 
SINGLE-POLY E2PROM CMOS TECHNOLOGY 
— 20ns maximum propagation delay 
(GAL20V8S-20E xx) 
= Fmax = 41.6MHz 
— 15ns max. from clock input to data output 1 
— TTL compatible 24mA outputs 
— SGS-THOMSON proprietary Single-Poly 
F3-G™ technology 
=» VERY LOW POWER 
— 24mA typ. (27mA max.) Icc 
=» ELECTRICAL ERASABLE CELL TECHNOLOGY 
— Reconfigurable logic/reprogrammable cells 
— 100% tested: guaranteed 100% final 
programming yield 
— High speed electrical program & erase 
= EIGHT OUTPUT MACROCELLS 
— Maximum flexibility for complex logic design 
— Programmable output polarity 
— Also emulates 21 types of 24 pin PAL® 
devices with full function/fuse 
map/parametric compatibility 
=» PRELOAD AND POWER-ON RESET OF ALL 
REGISTERS 
— 100% functional testability 
# ELECTRONIC SIGNATURE FOR USER’S 
IDENTIFICATION 
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DESCRIPTION 


The GAL20V8S, at 20ns maximum propagation 
delay time, combines a high performance CMOS 
process with Electrical Erasable Single-Poly 
F3-G™ technology — SGS-THOMSON proprie- 
tary — to provide one of the highest performance- 
cost products available in PLD market. 


CMOS circuit allows GAL20V8S to consume just 
24mA (typ.) Icc which represents a 85% saving in 
power when compared to its bipolar counterparts. 
lts E7PROM CMOS technology offers high speed 
(50ms) erase time providing the ability to repro- 
gram or reconfigure the device quickly and effi- 
ciently. 


GAL20V8S features 8 programmable Output Logic 
Macro Cells (OLMCs) allowing each output to be 
configured by the user. Additionally, the GAL20V8S 
is capable of emulating, in a functional/fuse 


GAL® 1s a registered trademark of Lattice Semiconductor Corp.; PAL® is a registered trademark of Monolithic Memories Inc. 
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map/parametric compatible mode, 21 types of 24 
pin PAL® devices. 


Unique test circuits and reprogrammable cells allow 
complete AC, DC and functional testing during 
manufacture. 


GAL20V8S Block Diagram 
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GAL20V8S PAL® Architecture Emulation 
20RP6 
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E*PROM CMOS FF 
64x40 PROGRAMMABLE 
AND ARRAY 


GAL20V8S__® 


Therefore, SGS-THOMSON guarantees 100% field 
programmability and functionality of GAL® devices. 
SGS-THOMSON also guarantees 100 erase/write 
cycles and data retention exceeding 20 years. 
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GAL20V8S Logic Diagram 


Product Line 
First Cell Numbers 


Input Line Numbers 
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Absolute Maximum Ratings 


ee 
5 
TL 


Storage Temperature -65 to +125 : 
Junction Temperature (Operating) -40 to +125 ° 


260 (for 10s max.) ; 


Lead Temperature (Soldering) 


Stresses above those listed under the “Absolute Maximum Ratings” may cause permanent damage to the 
device. These are stress only ratings and functional operation of the device at these or at any other conditions 
above those indicated in the operational sections of this specification is not implied. 


ESD Immunity 

Test Method: Human Body Model (HBM) 
ESD Tolerance > 2000V 

(See MIL-STD 883c). 


Test Method: Charge Device Model (CDM) 
ESD Tolerance > 500V 
Test Instrument: KeyTek ZapMaster 


CDM is an additional test only for GAL®s not yet adopted as a company standard test. 


Switching Test Conditions Switching Test Circuit 


Input Pulse Levels GND to 3.0V 
Input Rise and Fall Times 3ns 10%-90% 


Input Timing Reference V 
Levels 
V 


Output Timing Reference 15 
Levels 
FROM OUTPUT 


3-state levels are measured 0.5V from steady-state UNDER TEST 
active level. 


TEST POINT 


Test Conditions 


# | Ri C1 [pF 


Active High: co 
3 Active High: 5 
Active Low: 200 


C, includes jig and probe total capacitance 
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Capacitance (Ta=25'C, f=1.0MHz, Vcc=5V) 


* Guarantied but not 100% tested. 


DC Operating Conditions 


5 


| » | « [= 


* Vss is the voltage applied to the GND pin. 


Electrical Characteristics Over Operating Conditions (Commercial Temperature Range) 


Symbol Parameter Test Conditions 
Input Leakage Current GNDSVISV CC max 
Bidirectional Pin Leakage Current GNDSVISV CC max 


f=15MHz 
Vcc =V CC Max 
Vit=0.5V 
ViIH=3.0V 


0 
0 


ra 


Symbol Parameter Test Conditions 
Input Leakage Current GNDSVISV CC max 
Bidirectional Pin Leakage Current GND&sVisV CC max 


f=15MHz 


Icc Operating Power Supply Current ee Max 


VIH=3.0V 


Output Short Circuit Current Vcc=5.0V, Ve=0.5V 


” One output at a time for a maximum duration of one second. 


T= Pes 
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Switching Characteristics Over Operating Conditions 


Combinational Propagation Delay 


: 


Parameter 


tea Input or Feedback Setup Time (Before Clock Rise) i fe 
he oe Input or Feedback Hold Time (After Clock Rise) fe 


Minimum Clock Width Low 


” Refer to “Switching Test Conditions”. 
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Switching Waveforms 
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FUNCTIONAL DESCRIPTION 


GAL20V8S has a programmable AND array whose 
output terms feed a fixed (non programmable) OR 
array, as bipolar PAL®. The 2 x 10 input lines enter 
the AND array as true or complemented form. 64 
product terms are available allowing standard Sum 
of Products Logic implementation. Each product 
term is obtained by appropriate connections be- 
tween the input lines and the product term line. The 
connections can be made by programming the 
E*7PROM memory cell at each intersection of the 
AND matrix (2560 memory cells). The 64 product 
terms are divided into eight groups of 8 terms each. 
One product term for each group can be used to 
provide Output Enable control for combinational 
output, the others are connected with an OR gate 
into the corresponding OLMC (Output Logic Mac- 
rocell). The output buffer is in 3-state when the 
corresponding output enable signal is low. 


OUTPUT LOGIC MACROCELL (OLMC) 


The following discussion pertains to configuring the 
output logic macrocells. It should be noted that 


GAL20V8S Output Logic Macrocell Pin 15 and 22 


AC1(n) 
ACO 


FROM AND ARRAY 
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m 
m 
9 
o 
> 
(2) 
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FROM AND ARRAY 


XOR(n) 


<< 


n 
m 
m 
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actual implementation is accomplished by develop- 
ment software/hardware and is completely trans- 
parent to the user. 


The outputs of the AND array are fed into an OLMC, 
where each output can be individually set to active 
high or active low, with either combinational (asyn- 
chronous) or registered (synchronous) configura- 
tions. Acommon output enable is connected to all 
registered outputs; product terms can be used to 
provide individual output enable contro! for combi- 
national outputs. All outputs have always pro- 
grammable polarity. 


The output logic macrocell provides the designer 
with maximum output flexibility in matching signal 
requirements, thus providing more functions than 
existing 24 pin PAL™ devices. 


Three different configuration modes of the OLMCs 
are possible: registered, complex and simple. The 
output of an OLMC in registered mode can be either 
registered or combinational. Different modes cannot 
be mixed: i.e. all OLMCs of a device have to be 
configured in simple, complex or registered mode. 


FROM 
PIN 14/23 
AC1(n) 


-F 10- 
ee | ey 
u O-1 
x 0-0 


= R 
ADJACENT STAGE 
ACO AC1(m) OUTPUT (m) 
OE 


AC1(n) 


N 7/15 
19 


GAL20V8S 


REGISTERED MODE 


In registered mode macrocells are configured as 
registered outputs or combinational inputs/outputs. 
Any macrocell can be configured as registered out- 
put or combinational input/output. Up to 8 registered 
outputs or up to 8 inputs/outputs are possible in this 
mode. 


Registered Output with Programmable Polarity 


SYN 0 
ACO 1 
ACi(n) 0 


FROM AND ARRAY 


XOR(n) 


FEEDBACK 


All registered macrocells share common clock and 
output enable control. Registered outputs have 8 
data product terms per output, while combinational 
inputs/outputs have only 7 data product terms per 
output: in the latter case the eighth product term 
serves as individual output enable control for each 
macrocell. 


Combinational Input/Output with Programmable OE and Polarity 


SYN 0 


If all the macrocells are configured in this mode 


ACO 1 
AC1(n) 1 


FROM AND ARRAY 


FEEDBACK 


the CLK and OE pins don't have any function 


O(n) 
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COMPLEX MODE 


In complex mode macrocells are configured as com- 
binational inputs/outputs or outputs only. The two 
outermost macrocells (15 and 22) do not have input 
capability: so only up to 6 inputs/outputs are possible 
in this mode. Applications requiring 8 inputs/outputs 
must be implemented in registered mode. 


GAL20V8S 


All macrocells have 7 data product terms per output; 
the eighth product term is used as individual output 
enable control for each macrocell. The clock and 
output enable pins (pins 1 and 13 respectively) are 
always available as inputs. 


Combinational Input/Output with Programmable OE and Polarity 


SYN 1 
ACO 1 
AC1(n) 1 


FROM AND ARRAY 


XOR(n) 


FEEDBACK 


The two outermost macrocells can’t perform this function 
in Complex Mode 


1/O(n) 


Combinational Output with Programmable OE and Polarity 


SYN 1 
ACO 1 
ACt(n) 1 
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XOR(n) 


In Complex Mode the two outermost macrocells are permanently 
configured in this mode 


The other six macrocells can emulate this function 
by not using the feedback into the AND array 


; Only for the two outermost macrocells 
| FEEDBACK 


FROM PIN 14/23 | 
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SIMPLE MODE 


In simple mode macrocells are configured as dedi- 
cated inputs or as dedicated, always active, combi- 
national outputs. The two central macrocells (18 
and 19) cannot be used in the input configuration. 


Dedicated Input Mode 


SYN 1 
ACO O 
AC1(n) 1 


For the 
macrocells 
from 16 to 21 


O No Feedback 
AC1(m) 
1 Feedback 


All macrocells have 8 data product terms per output. 
The clock and output enable pins (pins 1 and 13 
respectively) are always available as inputs. 


FROM ADJACENT 
STAGE OUTPUT (m) 
OR FROM PIN 14/23 


Dedicated Combinational Output with Feedback and Programmable Polarity 


SYN 1 
ACO oO 
AC1(n) Oo 


FROM ANO ARRAY 


xOR(Nn) 


Vee 


O No Feedback 
AC1(m) 
1 Feedback 
o(n 


FEEDBACK < I __________ 


FROM ADJACENT 
STAGE OUTPUT (m) 
OR FROM PIN 14/23 


Dedicated Combinational Output with Programmable Polarity 


SYN 1 


All the macrocells can emulate this function 


ACO O 
AC1(n) O 
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ROW ADDRESS MAP DESCRIPTION 

There are a total of 44 unique row addresses avail- 
able to the user when programming the GAL20V8S 
device. Row addresses 0-39 each contain 64 bits of 
input term data. This is the AND array where the 
custom logic pattern is programmed. Row 40 is the 
Electronic Signature Word. It has 64 bits available 
for any user defined purpose. Row 41-59 are 
reserved by the manufacturer and are not available 
to users. 


Row 60 contains the architecture and output polarity 
information. The 82 bits within this word are pro- 
grammed to configure the device for a specific ap- 
plication. Row 61 contains a one bit security cell that 
when programmed prevents further pattern verifica- 
tion of the array. Row 63 is the row that is addressed 
to perform a bulk erase of the device, resetting it 
back to a virgin state. Each of these functions is 
described in the following sections. 


GAL20V8S Row Addresses Map Block 
Diagram 


PR: esr . PAO. -PTS9 
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ARRAY 
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ARRAY 


ELECTRONIC SIGNATURE] — | ELECTRONIC SIGNATURE 


or Reserved Address Space 
59 


60 | ARCHITECTURE CONTROL WORD 


61 [| SECURITY CELL 
62 |_| Reserved 
63 | | BULK ERASE 
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GAL20V8S Architecture Control Word Diagram 
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ELECTRONIC SIGNATURE WORD DESCRIPTION 
An electronic signature word is provided with every 
GAL20V8S device. It resides at row address 40 and 
contains 64 bits of reprogrammable memory that 
can contain user-defined data. Some uses include 
user ID codes, revision numbers, or inventory con- 
trol. This signature data is always available to the 
user independent of the state of the security cell. 


ARCHITECTURE CONTROL WORD 

All the various output configurations of the 
GAL20V8S devices are controlled by programming 
cells within the 82 bit Architecture Control Word that 
resides at row 60. The location of specific bits within 
the Architecture Control Word is shown in the control 
word diagram in figure below. The function of the 
SYN, ACO and AC1(n) bits have been explained in 
the OUTPUT LOGIC MACROCELL description. The 
eight polarity bits determine each output’s polarity 
individually. The numbers below the XOR(n) and 
AC1(n) bits in the architecture control word diagram 
shows the output device pin number that the polarity 
bits control. 


SECURITY CELL 

Row address 61 contains the Security Cell (one bit). 
The Security Cell is provided on all GAL20V8S 
devices as a deterrent to unauthorized copying of 
the array configuration patterns. Once programmed, 
the circuitry enabling array access is disabled, pre- 
venting further verification of the array (rows 0-39). 
The cell can be erased only in conjunction with the 
array during a bulk erase cycle, so the original 
configuration can never be examined once this cell 
is programmed. Signature data is always available 
to the user. 


BULK ERASE MODE 

By addressing row 63 during a programming cycle, 
a clear function performs a bulk erase of the array 
and the Architecture Contro! Word. In addition, the 
Electronic Signature Word and the Security Cell are 
erased. This mode resets a previously configured 
device back to its virgin state. 


OUTPUT REGISTER PRELOAD 
When testing state machine designs, all possible 
states and state transitions must be verified in the 


62.08 SSS 


= Product Term! 4 Bits} 1 Bit 6 (n 1 Bit} 4 Bits} 32 Product — 
Disables XOR | SYN ACI( ACO | XOR Disables 
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design, not just those required in the normal ma- 
chine operations. This is because in system oper- 
ation, certain events occur that may throw the logic 
into an illegal state (power-up, line voltage glitches, 
brown-outs, etc.). To test a design for proper man- 
agement of these conditions, a method must be 
provided to break the feedback paths, and force any 
desired (e.g. illegal) state into a register. Then the 
machine can be sequenced and the outputs tested 
for the correct next state condition. The GAL20V8S 
device includes circuitry that allows each registered 
output to be synchronously set either high or low. 
Thus, any present state condition can be forced for 
test sequencing. If necessary, approved GAL pro- 
grammers capable of executing test vectors can 
perform output register preload automatically. 


The figure on the right shows the pin functions 
necessary to preload the register. This test mode is 
entered by raising PRLD to Vices (register preload 
input voltage, typically 15V), which enables the serial 
data in (Spin) buffer and the serial data out (Spout) 
buffer. Data is then serially shifted into the registers 
on each rising edge of the clock, Dctx. Only the 
macrocells with registered output configurations are 
loaded. If only 3 outputs have registers, then only 3 
bits need be shifted in. The registers are loaded from 
the bottom up as shown in the figure on the right. 


LATCH-UP PROTECTION 

GAL® devices are designed with an on board charge 
pump to negatively bias the substrate. The negative 
bias is of sufficient magnitude to prevent input under- 
shoots from causing the circuitry to latch. Addition- 
ally, outputs are designed with n-channel pullups 
instead of the traditional p-channel pullups to elimi- 
nate any possibility of SCR induced latching. 


POWER-UP RESET 

Circuitry within the GAL20V8S provides a reset sig- 
nal to all registers during power-up. All internal reg- 
isters will have their Q outputs set low after a 
specified time (treset=10ps). AS a result, the state on 


Power-Up Reset Timing Diagram 


Registered 
Outputs 
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Clock Transitions | 


Output Register Preload Pinout 


the registered output pins (if they are enabled 
through OE) will always be high on power-up, re- 
gardless of the programmed polarity of the output 
pins. This features can greatly simplify state ma- 
chine design by providing a known state on power- 
up. 

The timing diagram for power-up is shown below. 
Because of the asynchronous nature of system 
power-up, the Vcc rise must be monotonic to guar- 
antee a valid power-up reset of the GAL20V8S. The 
registers will reset within a maximum Of treset time: 
before this time any clock transition from low to high 
is forbidden to avoid undesired commutations. As in 
normal system operation, avoid clocking the device 
until all input and feedback path setup times have 
been met (i.e. avoid clocking before the tpr=treset+tsu 
time interval). 


DEVICES PROGRAMMING 

SGS-THOMSON strongly recommends the use of 
qualified programming hardware. Programming on 
unapproved equipment will invalidate all guaran- 
tees. 


Valid 
Clock Signals 


Forbidden 
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TYPICAL CHARACTERISTICS 


OPERATING CURRENT vs TEMPERATURE 


DATA NORMALIZED TO T=25 C 
@ Vee =5 By, f=15MHz 


-50 -25 0 25 50 75 100 125 
T (C) 


RELATIVE DELAY vs CAPACITIVE LOAD 


4 t (ns) 
15 


0 | 
HIGH to LOW transition 
T=25°, R,=1MQ 
5 u : 
0 50 100 150 200 250 300 350 400 450 #500 


C (pF) 


RELATIVE DELAY vs PULL-UP RESISTOR 
at (ns) 


HIGH to LOW transition 
T=25°C, C.= 5pF 


05 


: 
50 100 200 500 1,000 2,000 5,000 
R ,(Q) 


NORMALIZED DELAY vs TEMPERATURE 


DATA NORMALIZED TO 
Voc=5V, T=25T 
LOAD 140, 50pF 

i | 


-50 -25 0 25 50 75 100 125 
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OPERATING CURRENT vs FREQUENCY 
Vl, 
2 


DATA NORMALIZED TO f=15MHz, Vec=5 Ov 
TWO OUTPUT SWITCHING @ T=25°C, NO LOAD 


f (MHz) 


RELATIVE DELAY vs CAPACITIVE LOAD 


4 t (ns) 
15 


0 
LOW to HIGH transition 
T=25°C, R,=1Ma 

So 50 100 150 200 250 300 350 400 450 500 


C.(pF) 


RELATIVE DELAY vs PULL-UP RESISTOR 
at ns) 


Veo =4 SV LOW to HIGH transition 
T=25°C, C,= 5pF 


-25 


-5 
50 100 200 500 1,000 2,000 5,000 
R ((Q) 


NORMALIZED t,, vs SWITCHING OUTPUTS 
tt 


12 


DATA NORMALIZED TO N=2, Vcc =5 Ov 


11 = 
U Veg=45v T=25°C, NO LOAD 


@ V,, =5 Ov 


A V,, =5 5V 
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N° OF SWITCHING OUTPUTS 
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PACKAGE MECHANICAL DATA 
PDIP 24 Pins 


PLCC 28 Pins 
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Seating Plane: 0.101 mm/0.004 inches 
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Ordering Informations* 


SGS-THOMSON GAL®s are available in a variety of package and temperature ranges. 
General ordering code is reported below. 


GAL20V8S-s wpt j 


PLCC Pinout J Jedec Pinout 


— Temperature 1 0°C to +70°C 
3 -40°C to +85°C 


Package 24 Pins PDIP 
2 


8 Pins PLCC 


B 
Cc 


E Eighth Power 


Speed 20 20ns 


Example: ordering code for a GAL20V8S, 20ns speed and Eight Power in PLCC (Jedec pinout) is 
GAL20V8S-20EC1J 


* Please contact local Product Marketing for latest update on package / temperature range availability. 
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he ST-CUPL™ Packageis a complete software 

development tool for design implementations 

with GAL®s, based on the popular CUPL™ 4.0 
compiler. It includes a high level description lan- 
guage — that permits truth tables, state machines 
and boolean equations entry — a logic simulator, a 
design partitioning tool and a schematic capture 
(together with a conversion utility). 


Ona standard PC platform, this software allows 
you to develop a complete design and to simulate 
the logic behaviour of the devices. 


ST-CUPL™ Language 


ST-CUPL™ features command line and menu 
driven operation, making it a functional and easy to 
use tool. It offers a choice of four logic minimization 
algorithms (i.e. Quick, Quine-McCluskey, Presto 
and Espresso minimization) that can be selected 
globally or on an equation by equation basis, in 
order to have the best exploitation of the device. 


The S7T-CUPL™ preprocessor provides string 
substitution, file inclusion and conditional compila- 
tion. Together with a user definable syntax and high 
level macro and function definition, these capa- 
bilities allow modular definition of the design and 
utilization of general purpose units to be cus- 
tomized later for different applications. Indexed 
variables, set operations and bit field notation allow 
short and readable coding. 


Designs can be entered in several ways: 


* Boolean Equations: this is the simpler form to 
describe a design with a logic language; usually, 
the other forms of expression (truth table and 
state machine syntax) are first translated by the 
compiler to this form and then into the final file 
for the programmer. 


The general form of a boolean equation is any 
valid combination of variables made with the 
logical operators NOT (“!’), AND (“&’), OR (‘¥’), 
XOR (“$’). The compiler minimizes the equa- 


GAL® is a registered trademark of Lattice Semiconductor Corp. 
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ST-CUPL Package 


tions, generating, at the end of the optimization 
process, a sum of products form of the original 
equations. 


This boolean notation can be used for small 
designs, but becomes unmanageable when the 
size of the project grows. In order to preserve 
readability and maintainability, other more 
powerful notations must be used. 


Truth Tables: truth tables are a means to ex- 
press the values some variables (output vari- 
ables) must assume in function of the 
corresponding values of other variables (input 
variables). 


For example, a simple two to four decoder may 
be expressed in the following way: 


field Input = (A1..0); 
field Output = (N3..0); 


table Input => Output 
{ 

‘b‘00 => ‘b’0001; 
‘b’01 => ‘b’0010; 
‘b'10 => ‘b’0100; 
‘b'11 => ‘b‘1000; 

} 


ST-CUPL™ & ST-PLPartition™ are trademarks of SGS-THOMSON Microelectronics & Logical Devices, Inc. 


CUPL™ & onCUPL™ are trademarks of Logical Devices, Inc 
Schema-Quik™ is a trademark of Omation 
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where the ’b’ in front of a sequence of digits 
indicates that the binary base is used and the 
field notation is used to group variables 
together. 


State Machines: the general structure of a se- 
quential machine (or state machine) — i.e. a 
machine whose functioning depends both on 
the values of the input lines and on the history 
(the state of the machine conserved in its mem- 
ory by means of bistables /)) — is very similar 
to the physical structure of aGAL and so can be 
easily implemented in it. In fact the combinator- 
ial part of the machine can fit into the AND and 
the OR arrays; its outputs then come into a 
series of flip-flops or go directly to the external 
outputs and eventually feed back into the com- 
binatorial parts. 


However, it is very useful to describe the state 
machine diagram in a high level notation that is 
translated automatically by the software into a 
series of logic equations. 


In ST-CUPL™ there are many different types of 
statement that permit you to specify conditional 
or unconditional transitions and synchronous or 
asynchronous outputs, allowing in this way im- 
plementation of both Mealy and Moore ma- 
chines. 


Combinational 


Circuit 1 
Inputs Outputs 2 


Pp 


1 
Next State ; 2 


— 


STA 
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Multiple state machines can be easily handled 
in one design, with the ability to have them 
communicate and synchronize state transitions 
among each other. 


An example of implementing a simple 2 bit 
counter with synchronous clear and carry out 
signals is listed below: 


field Count = (Q1..0); 


Sdefine SO ‘b’00 
Sdefine S1 ‘b’01 
Sdefine S2 ‘b’10 
Sdefine $3 ‘b'11 


sequence Count 
{ 
present SO 
if Clr next SO; 
defaulf next $1; 
present Sl] 
if Clr next SO; 
default next S2; 
present S2 
if Clr next SO: 
default next S3;: 
present $3 
next SO; 
out Carry; 
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Clris an input signal, Carry is connected to an 
output pin while Count defines the flip-flops that 
will contain the present state of the machine (its 
memory); the $DEFINE section simply assigns 
symbolic names (more readable and mana- 
geable) to corresponding values of the state 
memory elements. 


As you can see, this kind of notation is easily 
readable: it also permits implementation of com- 
plicated state machines with a very small possi- 
bility of making errors. 


e Schematic Capture: the schematic repre- 
sentation of an application can be directly trans- 
lated into a form manageable by a logic compiler 
using software utilities that usually transform the 
schematic into a net list form and then into 
boolean equation syntax. 

This file can be compiled and the device pro- 
grammed. 


Included in the ST-CUPL™ package there is the 
Schema-Quik™ schematic entry, together with 
a software utility — named onCUPL™ — that 
translate a netlist generated by the graphics 
software into the S7-CUPL™ syntax. It can 
translate neilists in EDIF format — so ST- 
CUPL™ can be interfaced with every graphics 
package that can handle such a format. 
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Simulation Tool 


The simulator provides table oriented simula- 
tion to help the designer verify the logic design and 
generate the test vectors. Extra features are the 
handling of don’t care and high impedance values, 
and the optional use of a “*”in the output field to 
indicate a generated rather than a supplied output 
value. 


Simulation results can be displayed and stored 
on file as tables or waveforms for logic function 
check and design documentation purposes. The 
supplied test values can be added automatically to 
the JEDEC file as test vectors. 


The simulation input file is kept separate from 
the logic description file. This lets you run suc- 
cessive simulations without having to re-compile 
each time. 


ST-PLPartition™ (Interactive PLD Parti- 
tioning Software) 


ST-PLPartition™ is a design partitioning soft- 
ware that takes a design created and compiled with 
ST-CUPL™ and fits it into one or more GALs. 


S7T-PLPartition™ reads the ST-CUPL™ gener- 
ated document, allows you to select the desired 
GAL devices and then provides a list of design 
solutions. 


PLD designs can be optimized with respect to 
device cost, power consumption and least number 
of devices. 


Major features of the ST7-PLPartition™ 
software tool are: 


° User Selectable Algorithms: best fit algorithm or 
first fit algorithm are available to provide the 
results best suited to your particular design. 
Best fit determines the best devices for use from 
the list of available GAL devices on hand. First 
fit selects from the list of available devices the 
first fit device that will implement the design. 


° History-Based Partition Option: allows you to 
modify your design without disturbing previous 
pin assignment. PLDs can be upgraded without 
re-laying out your PC board. 


¢ User-Specified Device Utilization: designers 
can specify the percentage of usage of product 
terms per output to leave space for future ex- 


3/4 
93 


LOGICAL 


DEVICES, INC. 


pansion of product terms without requiring a 
different device. 


° Specify Maximum Number of Devices: allows 
more control over final design. 


* Sorted Solution List: resulting solutions can be 
sorted according to several criteria: cost, power 
consumption or number of devices. 


¢ Chip Connection Diagram: the resulting chip 
connection can be displayed on any monitor 
with EGA or VGA capability. 


¢ Split Product Terms: an option is provided to 
split product terms. Resulting split terms always 
reside in the same device. This feature should 
only be used when propagation delays are not 
Critical. 


To work with S7-PLPartition™ you have only to 
supply it with a list of available devices, select the 
optimization criteria and tell the software to find all 
possible solutions or a specific number of solutions. 
ST-PLPartition™ generates a list of possible solu- 
tions that define the types and quantities of the 
devices needed. 


Best solutions are generated first so, if you 
choose to see only a few designs, the best solutions 
are always included. A design solution can be 
selected from those offered and then S/-PLParti- 
tion™ provides full information (including pin num- 
bers) for device implementation on device 
programmers such as Logical Devices’ ALLPRO 
Universal Programmer or SGS-THOMSON GAL 
Starter Kit programmer. 
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The input to S7T-PLPartition™ is a ST-CUPL™ 
documentation file, and the resulting output is com- 
posed by S7-CUPL™ source files and a detailed 
report. 


ST-CUPL™ package is distributed by all SGS- 
THOMSON and Logical Devices sales offices, 
authorized Distributors and Representatives. 


Included in the package there is a rebate cou- 
pon valid for buying the complete library version of 
CUPL™ as well as Logical Devices’ ALLPRO 
Universal Programmers. 


Ordering Information 


Ordering code for the S7-CUPL™ package is: 
ST-CUPL. 


For more information, please contact: 


PLD Marketing Group 
SGS-THOMSON Microelectronics 
via C. Olivetti, 2 

20041 Agrate Brianza (MI) 

Italy 

FAX +39 39 603 5360 

Tel. +39 39 603 5225/5438 


Logical Devices, Inc. 
1201 NW 65th Place. 

Ft. Lauderdale, FL 33309 
FAX +1 305 974 8531 
Tel. +1 305974 0967 
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LOGIC DESIGN FUNDAMENTALS 


The digital logic design process is based on 
Boolean algebra. Here we deal only with the fun- 
damentals of Boolean algebra necessary to imple- 
ment basic logic functions in a programmable logic 
device. 


Boolean Algebra — Basic Functions 


The Boolean algebra is based on only two possible 
values: “yes” or “no” conditions, that can also be 
expressed as “true” or “false”, “high” or “low”, or in 
digital electronic terms as “1” or “O”. 


All the operations in Boolean algebra are ex- 
pressed in terms of these two states through the 
three basic functions: AND, OR and NOT as sum- 
marized in Figure 1. 


As in normal algebra, the order of precedence in 
evaluating a formula follows the priority of the 
operators. Here NOT is first, then comes AND, then 
OR. To override such order of precedence, paren- 
theses may be used: the operations within paren- 
theses are performed first. For example: 


C=A+B [1] 
D=(A+B) [2] 


In case [1], values of A and B are inverted before 
evaluating the OR. In the case [2] the OR operator 
has to be evaluated before the inverting operator 
because of the parenthesis. 


With the addition of a minimum of simple properties 
and postulates, the structure of the Boolean alge- 
bra is created. 


Figure 1. Boolean Operators 
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Commutative property: 


X:-Y=Y-X 
X+Y=Y+X 


Associative property: 


(X+Y)4+Z=X+(Y4+Z) 
(X-Y)-Z=X-(Y-Z) 


Additive and multiplicative identity elements: 


X+0=X 
X-1=X 


Distributive property: 


X+(Y-Z)=(X+Y)-(X+Z) 
X-(Y+Z)=(X-Y)+( 


Complementation: 
X+X=1 
X-X=0 
Hereunder the most fundamental and useful theo- 
rems that can be deduced from the above. 
Idempotence: 
X-X=xX 
X+X=xX 
Special properties of 0 and 1: 
X-0=0 0 
X+1=1 1 
0-0=0 | 
0+0=0 1 
Absorption: 


Alternative notations for the AND operator — to the dot notation — are “&” or “~” (e.g. A&B or Ax” B). 

Alternative notations for the OR operator — to the plus notation — are “#”, “/” or V" 
(e.g.A#B or A|B or Av B). 
Alternative notations for the NOT operator — to the bar notation — are “!” or ‘7’ (e.g. JA or /A). 


ky SGS-THO! DMSON 
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DeMorgan’s Law: 


(SENET a OVE. 
(X-Y¥-Ze..)= KX+V+eZ4+... 


Also very important in Boolean algebra is the 
Duality principle that states that if the following 
replacements are made, a logically equivalent ex- 
pression can be generated: 


replace every TRUE with a FALSE 
replace every FALSE with a TRUE 
replace every AND with an OR 
replace every OR with an AND 


Boolean algebra (or switching algebra) became 
popular and its use widespread because it perfectly 
fits the abstract description of digital electronics, 
long after the work of the late Mr. Boole had been 
forgotten. 


Karnaugh Maps 


Once the function to implement has been defined, 
itis very important to optimize it using the theorems 
already illustrated, or using the visual tool known 
as Karnaugh maps. This maps aid in the reduction 
of logic functions to one of two special formats that 
are easily transferred into PLD logic maps: these 
formats are the Sum Of Products (SOP) and the 
Product Of Sums (POS). 


The goal of the development software designer is 
to transform the logic definition into an acceptable 
format. The POS format can be used to describe 
any combinatorial logic function. This two-level for- 
mat consists of logical OR terms that are ANDed 
together. Thus 
Y=A-(C+D)+B-C+B-D _ [1] 
can be simplified to: 
Y=A-(C+D)+B-(C+D) [2] 
and then 
Y=(A+B)-(C+D) [3] 


which is an AND of sum terms. 

The most common representation is the dual of the 
Product Of Sums format and is known as the Sum 
Of Products. The basic PLD array interconnects 
are of this form. The Sum Of Products (SOP) 
consists of several AND terms ORed (summed) 
together. Equation [1] can also be simplified to a 
SOP from: 


Y=A-(C+D)+B-C+B-D_ [4] 
and then 
Y=A-C+A-D+B-C+B-D [5] 
The above transformations are shown in Figure 2. 
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Figure 2. POS and SOP Formats 


INITIAL SCHEMATIC 


POS FORMAT 


SOP FORMAT 


DeMorgan’s Law 


A closer examination of the above two implemen- 
tations of the same function in POS (equation [3]) 
and SOP (equation [5]) formats shows that the 
number of terms feeding into the final gate varies 
with the implementation. The SOP format required 
only 4 terms. This observation is critical, since the 
total number of terms in any PLD is limited. DeMor- 
gan’s law (defined earlier in this section) is a simple 
rule that can quickly convert SOP to POS or 
viceversa, without altering the final logic function. 
This can allow the number of terms to be reduced 
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by as much as 50%, to overcome device limitations. 
Equation [3] can be converted to SOP as follows: 


Y=(A+B)-(C+D) [3] 
using duality: 


¢ the first step is to change every TRUE into a 
FALSE: 


Y¥=(A+B)-(C+D) [6] 


¢ the second step is to change every AND into 
an OR and every OR into an AND: 


¥ =(A-B)2(C-D) [7] 
Equation [5] is the SOP form. Note, however, that 
the output function is inverted (or “active low’). A 


subsequent inversion function will be required to 
produce the original output function. 


Reduction of Equations 


Generally a complex logic function must be repre- 
sented in a specific and reduced format to be 
implemented into a PLD. The various methods 
touched on above — Karnaugh maps, DeMorgan’s 
law — are used to manipulate the equations in 
conjunction with the basic postulates and 
theorems. 


Present generation software handles all equation 
minimisations and will actually allow the use of 
higher level notations, such as state description, 
truth tables and macro functions. 


PLD REPRESENTATION 


Let us now look at the logic conventions used to 
describe PLD devices. A typical PLD input buffer is 
shown in Figure 3. Its two outputs are the true and 
the complement of the input. 


Figure 3. PLD Input Buffer 


Figure 4 illustrates the convention used to reduce 
the complexity of a logic diagram without any loss 
of clarity. The traditional representation of an AND 
shows three inputs: A, B and C. 
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Figure 4. AND Gate Representations 


A 
TRADITIONAL REPRESENTATION 8B =_> D 
C 


INPUT TERMS 


Ay Bs & 


PRODUCT TERM 
PLD REPRESENTATION 


The PLD representation has the same three inputs. 
This shorthand reflects the three distinct input 
terms of the prior drawing. The structure of a 
multiple-inpbut AND gate is known as a Product 
Term. 


Referring to Figure 5, we see that the solid-dot 
connection in the previous figure represents a per- 
manent connection. A programmable interconnec- 
tion would appear as an X over the intersection, as 
shown. The X implies that the connection is intact, 
whereas the absence of an X implies no connec- 
tion. 


Figure 5. PLD Connections 


HARDWIRED CONNECTION 


PROGRAMMED (INTACT) CELL 


ERASED (OPEN) CELL 
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Figure 6 details the default conditions for AND 
gates. 


Figure 6. AND Gate Default Conditions 


From the diagram, you can see that the AND gate 
for output D is connected to all the input terms. The 
equation for D is 


D=A-A-B-B 
which can be simplified using Boolean algebra 


D=(A-A)-(B-B) 
Hee ae 


The connection of both the true and complement 
of a given input buffer to a single product term 
results in that product term always being a logic 0. 


A shorthand notation for leaving all of the input 
buffers connected is illustrated on output E. Since 
logic diagram maps are usually supplied without 
any of the connections shows as intact, it is much 
simpler for the designer to connect a whole product 
term (the device default) by simply drawing “Xs” 
within the AND gates. Again, this product term will 
always output a logic 0. 


Output F, in contrast, does not have any input terms 
connected to its product term. This product term will 
always float to a logic 1, resulting in a 1 on the 
output. In the following sections, where various 
PLD architectures will be examined in detail, we will 
see why this design practice is not recommended. 
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PAL® DEVICES 

The PAL® structure in Figure 7 shows that a PAL® 
consists of a programmable AND array that feeds 
a fixed OR array. This approach offers the highest 
performance and the most efficient architecture for 
most logic functions. 


Figure 7. Basic PAL® Architecture 


"OR" ARRAY 
(FIXED) 


"AND" ARRAY 
(PROGRAMMABLE) 


The quantity of product terms per output is fixed by 
the hardwired OR array. The typical logic function 
requires some 3 to 4 product terms, well under the 
7 to 8 available on current generation devices. 


PAL® device architectures (the number of inputs, 
outputs and product terms) have been fixed by the 
manufacturers, based on the cumulated experi- 
ence on what the designers most often need. How- 
ever, the dozens of device types introduced over 
the last 10 years essentially offer various permuta- 
tions of three basic output structures. 


FLECTROMICS 


The first is shown in Figure 8, which illustrates an 
input and an output with six product terms. The 
output is always enabled and active low (note the 
inversion at the output of the OR gate). The true 
and complement of each input are available to the 
AND array. 

The second output structure is actually an I/O pin, 
shown in Figure 9. The output logic is an active-low 
function of seven product terms. The signal from 
the I/O pin, also feeds back into the AND array. 
Note that the output buffer is controlled by its own 
product term, allowing dynamic 1/O control. This 
dynamic control can be used either to determine 


Figure 8. Dedicated Output Structure 
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the ratio of device inputs to outputs, or to disable 
the outputs when connected in a bus environment. 


Third is a sequential (or registered) output, shown 
in Figure 10. The logic OR of eight products terms 
is available to the designer. Here, the register state 
(both true and complement) feeds back into the 
array, as well as into an output buffer with a bank- 
controlled output enable feature. The clock is com- 
mon as well, minimizing switching skew between 
buffers, and the register is a high speed D type. The 
feedback of the register data into the AND array 
allows the current state data (in the registers) to be 
part of the next state function. This is necessary for 
most sequential functions, such as counting and 
shifting operations. 


Figure 10. Sequential (Registered) Output Structure 


INPUT TERMS 
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GAL® DEVICES 


GAL® devices have the same programmable AND 
array driving a fixed OR array. The difference is in 
the architecture and flexibility of the output 
functions. 


The GAL® device integrates an Output Logic Mac- 
rocell (OLMC) on each of its output pins. The 
GAL16V8 and its eight OLMCs are shown in Fig- 
ure 11. 


The programmable polarity feature of each of the 
output macrocells deserves a special investigation. 
Located in the heart of the OLMC, the programm- 
able polarity function is implemented by the exclu- 
sive-OR (XOR) gate that follows the OR gate from 
the array. Recalling the truth table of an XOR gate, 
it can be shown that the data can be inverted 
(control=1) or not inverted (control=0), depending 
on the state of the second input, as shown in the 
table below. 


Programmable Polarity Function 


Programmable output polarity is used extensively 
in DeMorgan’s Law to reduce the number of pro- 


duct terms required to implement a function. As a 
result, the GAL device can generally implement 
functions that appear to require more than 8 pro- 
duct terms per output. For example: 


K=A+B+C+D+E+F+G+H+1 


is a function of 9 product terms, each representing 
one input variable. This equation can be reduced 
to one product term if DeMorgan’s Law is applied: 


K=A-B-C-D-E-F-G:H-| 


Kis now a function of only 1 product term. To obtain 
K again, we only need to invert the function using 
the polarity feature of the GAL® OLMC. 


The OLMCs are configurable by the designer to 
perform the various functions. For example, the 
designer merely specifies two active-low registers, 
one active-high register and the device is con- 
figured instantly. 

Since each of the OLMCs contains the same logic, 
itis also possible to “tweak” an existing design for 
the convenience of the manufacturing department. 
One example might be moving a function to an 
adjacent pin to optimize board layout. 

This could eliminate an interconnect level on a 
multi-level board, by swapping two functions and 
eliminating the need to cross traces. The GAL 
architecture is not fixed until the user specifies the 
requirements. 
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Figure 11. GAL16V8 Logic Diagram 
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GAL® CONFIGURATION EXAMPLE 


This example shows how the various GAL16V8 
architecture bits are derived to implement a device 
whit 12 inputs and 6 programmable combinatorial 
outputs (Figure 12). In practice, the users need not 
be concerned with these architecture bits, since 
they are automatically handled by qualified pro- 
gramming equipment. 


Figure 12. Basic Gates Example 


ey CO Co I Ot . Gh RG: 2s 


G) 
Zz 


Deriving the Architecture Control Word 


The architecture control word bits for this example 
are determined as follows: 


AC1(12)=1 Input pin “) 


Figure 13. The AND Basic Gate 


AC1(13)=0 Output pin ©) 

AC1(14)=0 Output pin ©) 

AC1(15)=0 Output pin (2) 

AC1(16)=0 Output pin 

AC1(17)=0 Output pin @ 

AC1(18)=0 Output pin @ 

AC1(19)=1 Input pin "? 

ACO =0 No tri-state control on outputs 

SYN = 1 All outputs are combinatorial (no 
registers; pin 1 and 11 available 
as inputs in this configuration). 

XOR(i2) Input pin, XOR not used 

XOR(13)=0 Invert 

XOR(14)=1_ Non-invert 

XOR(15)=0 Invert 

XOR(16)=0 Invert 

XOR(17)=1 Non-invert 

XOR(18)=1 Non-invert 

XOR(19) Input pin, XOR not used 


) Output buffer disabled, tri-state. 
*) Qutput buffer enabled. 


Programming Basic Logic Gates 


The examples of implementation of the basic gates 
AND, OR and XNOR, taken from the previous 
example, are shown here in greater detail. Pro- 
gramming of the other basic logic gates NAND, 
NOR and XOR can be obtained similarly. 


In the following figures, the numbers within paren- 
theses indicate how many input terms are fixed at 
the specified logic level. 
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The address of a memory cell may be obtained by 
adding the corresponding “input line number” to the 
“product line first cell number” found in the logic 
diagram. 

To implement the AND, the cells 258 and 262 must 
be programmed; Figure 13 shows the equivalent 
circuit for the AND function. 


Figure 14. The OR Basic Gate 


“4 
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Every programmed cell connects an input (or its 
negation) to a product term; for example the 
cell 258 connects the input pin 19 (A) to the first 
product term of the output pin 18 (AND). 


Two product terms are involved in the implementa- 
tion of the OR. The cells 512 and 548 must be 
programmed. The equivalent circuit for the OR 
function is shown in Figure 14. 


e: (3) XNOR 


inversion caused 
by polarity bit 
set at logical 0” 
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Also in the case of the XNOR function (Figure 15) The Resulting Programming Pattern 


two product terms are involved. When a GAL16V8 has been programmed for the 
The Sum Of Product format of such function is then: application shown in Figure 12, the logic diagram 
—_-—- —_- — becomes that of Figure 16. 
MON=M-N+M-N 


so four cells have to be programmed, specifically 
the ones at the locations 1563, 1566, 1594 


Figure 16. Basic Gates Logic Diagram 
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Basic Gates with ST-CUPL™ 


The previous example can be very quickly im- 
plemented using the ST-CUPL™ development 
software, as shown here below. 


Basic Gates — Source File 


Name 
Partno 
Date 
Revision 
Designer 
Company 
Assembly 
Location 
Device 


Basic Gates; 


/* Inputs */ 


Pin 19 = A; 
Pin 1 Be 
Pam 2 Ce 
Pin 3 = D; 
Pin 4 Ee 
Padi. 9:5 Be 
Pin 6 G; 
Pin 7 = H; 
Pin 8 =T; 
Pin 9 = J; 
Pin 11 Ks 
Pan 12: ="; 
(@ OGepues 
Pin 18 = U; 
Pin 17 = V; 
Pin 16 = W; 
Pin 15 = X; 
Pin 14 = Y; 
Pin 13 = @; 


/* Logic Equations */ 


U =A & B; 
Vc. ae obs 
W= '(E & F); 


'(G # H); 
'T # 


> a 
Y=1 6 
Z= !(K & 


/* NOR */ 
tl & J; /* XOR */ 
ih #- 1K & LY: /* XNOR */ 


Basic Gates — Documentation File 


KKEKEKKKKKK KEKE KKK KKK KKK KKKKKKKEKKEKEKSK 


Basic-Gates 


KKKKKKKKEKKKKKKKKKKKKKKKKKKKKKKKKKEKE 


4.0a Serial# ST-15000002 
glov8ss 

DLIB-h-200-9 

Mon Nov 04 15:42:08 1991 
Basic Gates 

B GATES 

00 

None 

None 

SGS-THOMSON 

None 

None 


B GATES; 
None; 
00; 
None; 5. =CUPGE 
SGS-THOMSON; Device 
None; Library 
None; Created 
G1evs; Name 
Partno 
Revision 
Date 
/* AND input */ Designer 
/* AND input */ Company 
/* OR input. */ Assembly 
/* OR anput: */ Location 
/* NAND input */ 
/* NAND input */ 
/* NOR input */ 
/* NOR input */ 
/* XOR input */ 
/* XOR input */ U=A 
/* XNOR input */ V=C Ht 
/* XNOR input */ W=E5 & 
X G # 
x / Y= 1 6& 
Z= kK & 
/* AND output */ 
/* OR output */ 
/* NAND output */ 
/* NOR output */ 
/* XOR output */ 
/* XNOR output */ 
/* AND */ 
Le OR FY 
/* NAND */ 
kyy BESO aRS 


1J # 
'L # 


'ITé J 
‘K & L 
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SSS SS SS SSS SSS SSS SS SSS SS SSS SS SSS SSS 00192 xxxxKXXXXXXXXXXKXXKXXXKXKXKXKXKXKXKXKXKXKKK 


Symbol Table 00224 xxxxxXXXXXXXXXXXXXXXXXXXXXXXKXKXKX 
SES SSS SS SSS SSS SSS SSS SSS SSS SS SSS SS SSS Pin #18 02049 Pol - 02121 Acl x 
Pin Var PT Mex Min 00256 —x—x 
Pol Nare Ext Pin ‘Type Used PT level 00288 xxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXX 
<7 - 2. = = 00320 xxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXK 
A 19 V = 7 = 00352 xxxxxxXXXXXXXXXXXXXXXXXXXXXXXXKX 
B 1 N. 7 7 ~ 00384 xxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXKXK 
C 2 Vv ~ a ~ 00416 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXX 
D 3 Vv = ~ . 00448 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXKKXX 
E 4 M . - 7 00480 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXX 
F _ 7, = =. Pin #17 02050 Pol - 02122 Acl x 
G © Vem i = 00512 x —________ 
Hi 7 =. Ft AS 00544 —x 
a 8 Vv 7 7 ~ 00576 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXX 
J 9 _ ~ > - 00608 xxxxxxXXXXXXXXXXXXXKXXXXXXXXXXXKXX 
K Il Vv - ~ ~ 00640 xxxxxxXXXXXXXXXXXXXXXXKXXXXXXXKXKX 
L 12 a ae cz - 00672 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXKXX 
U 18 M 1 8 1 00704 xxxxxxXXXXXXXXXXXXXXXKXXXXXXXXXXX 
Mv: 17 Vv. 2 8 1 00736 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXX 
W 16 voi 8 1 Pin #16 02051 Pol x 02123 Acl x 
Xx 15 V 2 8 1 00768 soe 
Y 14 V Z 8 1 OO800 xxxxxxXXXXXXXXXXXXXXXXXXXXXKXXXXX 
Z 13 Vv 2 8 1 00832 xxxKKXXXXXXXXXXXXXXXXXXXKXKXXXXKKX 
00864 xxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXX 
LEGEND F field 00896 xxxKXXKKKKKKXXXXXXXXXXXKXXXKXXXXXKXKX 
D default variable 
M ESE RROEa neds 00928 xxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXX 
N node 00960 xxxXXXXXXXXXXXXXXXKXXKXXXXXXXXXXXK 
al intermediate variable 00992 xxxxXXXXXXXXXXXXXXXXXXXXXXXKKRKK 
: ee Pin #15 02052 Pol x 02124 Acl x 
X : extended variable 01024 —_—_—_-x 
U undefined 010356: 
01088 xxxxxxXXXXXXXXXXXXXXXXXXXXXXXKXXX 
01120 xxxxxKKXXXKXXXXXXXXXXXXXXXXKXXKXXKK 
SSSSS Se SSS aS Se SSS SS SS SS === 01152 xxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXX 
Fuse Plot 01184 xxxxxxxxXXXXXXXXXXXXXXXXXXKXXKXKXKXKXX 
SSeS SSSe SSS SSS SSS SSS SSS SSS SSS SSS SSS 01216 xxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
01248 xxxxxxxxXXXXXXXXXXXXXKXXXXKKKXKKK 
Syn 02192 -AcO 02193 x Pin #14 02053 Pol - 02125 Acl x 
01280 ————_x—x— 
Pin #19 02048 Pol x 02120 Acl - 013.2 SS 
OOQOQOOO xxxxxXXXXXXXXXXXXXKXXXXXXXKXXKXKXKXXK 01344 xxxxxXXXXXXXXXXXXKXXKXKXXXXKXKKXXXXXX 
OO032 xXxxxXXKXXXXXXXXXXXXXXXXXXXXXXKXKXKK 01376 xxXxXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
00064 xxxxxxXXXXXXXXXXXXXXXXXXKKXXXXKXKXXX 01408 xxxxxxXXXXXKXXXXXXXKXKXXXXKXXXXXXKXXKXK 
OO0096 xxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXX 01440 xxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXK 
00128 xxxxxxXXXXXXXXXXXXXXXXXXXXXXKXKXKK 01472 xxxKKXXKKXXXXXXXXXXXXKXKXKXKXKXXXXXXXX 
OO1L60 xxxxxxXXXXXXXXXXXXXXXXXXKXKXXXXXXX 01504 xxxxxxxXXXXXXXXXXXXXXXXXXXXXXXXX 
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Pin #13 02054 Pol x 02126 Acl x 

0336 SSS Se 

01568 ————__—_x—_-x 

01600 xxxxxxXXXXXXXXXXXKXXXXXXXXXXXKXKKX 
01632 xxKKXXXXXXXXXXXXXXXXXXXXKXXKXXKXKXKK 
01664 xxxxxxXXXXXXXXXXXXXXXXXXKXKXXXXXXKX 
01696 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
01728 xxXXXXXXXXXXXXXXXXXXXXKXXXKXKXXXXKXXX 
01760 xxxxXXXXXXXXXXXXXXXXXXXXXXXXXXKXX 
Pin #12 02055 Pol x 02127 Aci - 

01792 xxxxxXXXXXXXXXXXXXXXXXXXXXXKXXXXXX 
01824 xxxxxxxXXXXXXXXXKXKXXXXXXKXKXXXXKXKKK 
01856 xxxxXxXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
01888 xxxxxxxXXXXXXXXXXXXXXXXXKXXKXKXKXKXKK 
01920 xxxxxxXxXXXXXXXXXXKXXXXXXXXXXXXXKKX 
01952 xxxxXXXXXXXXXXXXXXXXXXXKXXXXKXKXKXKXX 
01984 xxxxxxXXXXXXXXXXXXXXXXXXKXXXKXKXKXXKK 
02016 xxXxXxXXXXXXXXXXXXXXXXXXXKXXKXXXXXKXKX 


LEGEND X : fuse not blown 
- : fuse blown 


LOGIC CONCEPT 


| Basic Gates | 


B x-—] 1 20: |(——x Vee 

Cex lZ 19|-—-x A 

Dy == /3 LE|==x U 

E x—-|4 LT |==2-V 

CRP read (ES) 1.6) [== W 

G x-—-16 bo [== Xx 

Bi x= (7 14|—-x Y 

T., x8 NPS Wl ener EA 

J x--[9 12|—-x L 
GND x-—-|10 1x 


The alert reader would remark that the fuse map 
generated in this case by the ST-CUPL"™ replicates 
the fuse map reported in Figure 16, but that it also 
shows the use of the polarity inversion im- 
plemented in the outputs 13, 15 and 16 (as well as 
all the architecture bits). 
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SOFTWARE AND HARDWARE TOOLS 


SGS-THOMSON Microelectronics is specialized in 
the business of designing and manufacturing 
EECMOS programmable logic device as well as a 
broad range of commodity and semi-custom semi- 
conductor components. In_ addition 
SGS-THOMSON supplies software and hardware 
to program our line of GAL® devices (ST-CUPL™ 
and GAL Starter Kit). Moreover many excellent 
third party suppliers provide software and hard- 
ware_which fully support the SGS-THOMSON 
GAL® devices as well as other PLD devices. 


Most current vendors of PLD programming hard- 
ware and software support GAL~ devices. How- 
ever, an upgrade of some programming hardware 
may be necessary to support GAL®. Vendors and 
equipment model numbers which have been quali- 
fied on GAL® devices are on file and may be 
obtained from SGS-THOMSON sales offices, a 
listing of which is provided at the back of this 
handbook. 


It may be instructive for the user to contact the local 
SGS-THOMSON sales office to determine if a spe- 
cific vendor's hardware is qualified for programm- 
ing GAL™ devices. SGS-THOMSON recommends 
that only qualified hardware be used to program 
GAL® devices as this will ensure the 100% func- 
tional, and programming yield of S@GS-THOMSON 
GAL® devices. 


Software Tools 


The availability of user-friendly and functional soft- 
ware tools is the main contribution to the tremen- 
dous upsurge in the usage of PLD devices. In the 
early 70’s PLDs had a difficult time being accepted 
by systems and board designers due to the lack of 
good programming software. At that time it was 
necessary to load each individual fuse location into 
the devices, after extensive analysis of the design 
requirements. As this was a slow, cumbersome 
process requiring the designer to learn the archi- 
tecture of many different devices in addition to the 
fact that logic errors could not be automatically 
identified, the acceptance of PLDs into mainstream 
system design was quite limited. 


The late 70’s saw the development of assembler 
software by various PLD vendors in order to help 
the sales of these devices. The most popular of 
these assemblers is PALASM®, from Monolithic 
Memories. This assembler allows inputs only as 
Boolean equations, has a difficult command struc- 
ture, allows equations only in a sum-of-products 
format, works on PAL devices only and has no 
intelligence i.e. unable to do logic minimisation or 
identify specific device types which will or will not 
work with a given set of Boolean equations. 
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Of course the alternative, manual fuse patterning 
of the device, was much worse so assemblers 
found wide market acceptance for PAL device pro- 
gramming. The most severe restriction of this type 
of approach was the inflexibility of the software to 
work on other vendors devices thus forcing de- 
signers to learn many different assemblers in order 
to have more than one device supplier to choose 
from. Fortunately for PLD manufactures and sys- 
tem designers a more generic software approach 
was not far away. 


The development of compiler based software in the 
early 80’s was a response to the need for more 
flexibility and utility in development tools. The orig- 
inal packages were developed by third-party manu- 
facturers, not device vendors, with the goal of 
supporting all device types and all manufacturers. 
These original packages — CUPL™ by Logical De- 
vices Inc. (Fort Lauderdale, FL) and ABEL™ from 
Data I/O Corp. (Redmond, WA) — had the capa- 
bility of logic equation minimisation, macros, truth 
table and state machine syntax, logic simulation 
and self-documentation (examples of use of the 
ST-CUPL™ package are contained in this guide). 


The latest advance in the PLD development software 
technology has occurred in the mid-’80s. These pro- 
grams allow schematic capture using pre-pro- 
grammed macros in the software which allow a 
designer to simply create a logic schematic as the 
input to a translator. The translator converts the 
graphic representation to a network list that is then 
compiled to the fuse maps by the software tool. All 
the other functions of the software such as logic 
minimisation are then available to streamline the 
design before it is downloaded into a device. The 
most widely used of these tools are OrcAD® (OrCAD 
L.P., Hillsboro, Oregon) and DASH from FutureNet® 
(Data I/O Corp., Redmond, WA). 


Hardware Tools 


The hardware used to program GAL® devices (a 
list of qualified hardware vendors is available from 
SGS-THOMSON sales offices, listed at the back of 
this manual) can be divided roughly into two types: 


¢ the so-called “universal programmers” (in this 
case “universal” means with respect to PLD 
device only and this terminology should not be 
confused with the broader sense of “universal” 
programmers, meaning those that program 
EPROM memories or EPROM arrays in micro- 
processors as well as PLDs, although many of 
the programmers listed do program the above 
mentioned device families too); 


* the “GAL® only” type programmers. 


In the category of universal type programmers are 
those from Data I/O, Logical Devices and Stag 
Microsystems, as well as many others. These pro- 
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grammers support many different PLD devices, 
including ECL, CMOS EPROM, standard bipolar 
PALs and GAL® EECMOS device types. These 
universal programmers also support many ad- 
vanced functions such as test vectors, register 
preload and even chip handlers for automated 
handling in a production environment._The second 
type of programmers are the “GAL® only” type 
programmers such as those from Qwerty and the 
GAL Starter Kit programmer. The Qwerty also sup- 
ports test vectors and register preload for full func- 
tional testing of the GAL® devices. The big 
advantage of the GAL® only programmers is, of 
course, their low cost which is from one-fourth to 
one-tenth of the cost of universal programmers. 
This makes them an excellent low cost develop- 
ment system for GAL® devices. 


A further division can be made with respect to the 
operating mode of the programmers i.e. the “stand- 
alone” type units and those which require an IBM 
PC or equivalent to operate. 

Generally the stand-alone units can read a device, 
store the JEDEC file in a memory and download 
the information to a newly loaded device including 
‘test vectors such that a volume “program and test” 
operation is possible without having a PC attached 
to each programmer. 

Of course a connection to a peripheral such as a 
PC is still necessary to load a software developed 
JEDEC file into the programmer’s memory. 


The type of tool chosen should reflect the environ- 
ment it will be used in: e.g. a GAL® only pro- 
grammer could be considered in an operation 
where GAL® only development or a small volume 
of production is occurring in a situation where a 
low-cost evaluation and programming of GAL 
necessary. However in a large development lab 
where many types of PLDs are being evaluated or 
a high volume production environment where auto- 
mated handling of devices is necessary, a universal 
type programmer with chip handler may be more 
appropriate. A prime consideration should also be 
the necessary functions of the programmer as well. 
For example, although SGS-THOMSON guaran- 
tees a 100% programming yield on our devices, 
test vector and register preload support capability 
is recommended for the designer to verify that the 
device is doing exactly what was planned. 


This is especially important in state machine design 
where bringing the outputs to a certain state simply 
by cycling the inputs can take an inordinate amount 
of time or may not even be possible. 

With register preload the outputs can be driven to 
a specific state (one which may not occur in normal 
operation) and then next state operation can be 
checked to verify that the device returns to a nor- 
mal, expected state. Where this can become an 
issue is after a power “glitch” in the system or after 
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a power outage when the GAL® outputs may be 
driven to an unknown or illegal state. Then when 
the power to the device returns to normal the GAL® 
outputs may be in one of these indeterminate 
states. 


Thus the concept of register preload allows the 
designer to test output conditions which may not 
normally occur, but which the designer wishes to 
know anyway what the next state will be. 


The designer can then verify that his design en- 
sures the return of the device, from any preloaded 
illegal state, at its next transition, into one of the 
legal states. This is just one example of the utility 
of the register preload function. 


Applying test vectors is simply the process of forc- 
ing specific inputs to the device and monitoring the 
outputs to verify the correct logical functioning of 
the device. 


Programming the GAL® is the process of providing 
it with the JEDEC file to perform a function and 
applying the specific series of voltage pulses to 
actually “burn” the JEDEC “fuse” map into the 
device. Also, if included in the JEDEC file, the 
programmer then applies the specific voltage 
pulses and looks at the outputs to run the test 
vector verification for functional testing of the de- 
vice. 

“Support” by a hardware manufacturer refers to his 
ability to provide the correct voltages and timing 
pulses and make the correct measurements on the 
outputs, if applicable, for the device. Given this the 
remainder of the process is merely downloading 
the JEDEC file to the GAL”. 


Downloading is the process of loading the JEDEC 
“fuse” map into the programmer. This “fuse” map 
can come from apre-programmed device (i.e. mas- 
ter device), from a computer (a PC or mainframe 
with appropriate software to construct the JEDEC 
file from a number of logic or graphic entry 
methods), or from an attached peripheral such as 
a tape drive. If the file is transferred in JEDEC 
format (which is recommended by SGS-THOM- 
SON), a checksum is calculated and verified at the 
end of data transmission to ensure that data was 
not lost or corrupted during transfer. Most pro- 
grammers require a simple keystroke or pushbut- 
ton to put the hardware into the download mode. 


The programming of the GAL® is controlled by the 
programming hardware and therefore, to ensure 
complete reliability of the SGS-THOMSON GAL® 
device, SGS-THOMSON recommends that only 
approved programmers be used. A list of qualified 
vendors is available from SGS-THOMSON upon 
request. 


Since the GAL® device is fabricated using an 
EECMOS technology it is erasable and repro- 
grammable. In fact the first step in the programming 
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process is a bulk erase of the device. The actual 
number of program and erase cycles the device will 
tolerate is guarantee by SGS-THOMSON to be at 
least 100. We have seen devices in our lab, how- 
ever, which have thousands of cycles on them and 
still continue to function. 

The ultimate test is a successful verification of the 
device which occurs automatically after programm- 
ing. If no error occur during the verify cycle the part 
is programmed and usable no matter how many 
program-erase cycles it has been through. 

The patterning of the GAL® device array is done 
using a parallel programming scheme. This allows 
the device to be programmed very quickly and in 
fact it takes less than a second on most programm- 
ing hardware. This is up to an order of magnitude 
faster than devices using the UV-CMOS approach. 
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During this programming cycle, the logic array, the 
architecture matrix programming and the verify 
cycle are executed. The verify cycle checks pro- 
gramming and margins conservatively such that a 
minimum data retention of 20 years is ensured. 


Finally the GAL® device has a security cell which 
is programmable and erasable (but it can only be 
erased during a bulk erase when the entire array 
will also be erased). This prevents a “read” and 
therefore does not allow re-verification of the de- 
vice. 

This feature is provided to protect proprietary de- 
signs from competitive eyes. The fact that the 
security cell is erasable (simultaneously with the 
rest of the device) allowing the device to be reused, 
is a unique cost saving feature of EECMOS tech- 
nology. 
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GAL6001S is a device with a complex architecture, 
that can be exploited only with a deep knowledge 
of its internal features. 


The architecture of this device offers a flexibility 
never before achieved with GAL®s, providing pro- 
portionally higher performance in a much larger 
range of potential applications. 


This note describes the building blocks inside the 
device, and explains how to configure and program 
each block. 


The ST-CUPL™ development software is used in 
the descriptions and examples given, because of 
its versatility and power. 


Examples Format 


All the examples are given using the ST-CUPL™ 
format. To describe syntax the following conven- 
tions are used: 


* angular brackets indicate a parameter that 
must be provided by the user; 


* a symbol in square brackets is optional, i.e. it 
may be stated or not; for example 


PIN <pin_n> = [!] <var_name>; 
means that you can write 

PIN 3=rw; 
or 


PIN 4 = !wr_en; 


Variables can be grouped using the list notation, in 
the form: 


[<vari>,<Vare>, ...,<Valk>,<VarX>..<varY>] 


where <van> is any variable name, while 
<varX>..<varY> are indexed variables, i.e. vari- 
ables ending with a number; an example of a valid 
list is 
[a0..2,a5,a8,a10..13,a16] 
that is equivalent to 
[a0,a1,a2,a5,a8,a10,a11,a12,a13,a16] 


Of course, in the case of lists, square brackets do 
not indicate optional parameters, but are part of the 
notation. 


The table below reports the logic operators — in 
order of precedence (from highest to lowest) — 
that can be used to write equations; the pre- 
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cedence may be changed by grouping sub-ex- 
pressions within parentheses. 


GAL6001S Architecture 


GAL6001S has an FPLA architecture, with both the 
AND and the OR array programmable: this means 
that the exact number of product terms needed for 
an equation can be employed, allowing the im- 
plementation of more complex logic functions and 
a better exploitation of the device. 


The AND array is a 78x75 matrix organized as 39 
inputs (each available both in true and com- 
plemented form and coming from Input, Input/Out- 
put, Buried and Output Logic Macrocells) and 75 
product term outputs. Sixty-four of these product 
terms serve as inputs to the OR array, one is the 
reset signal for the Output and Buried Logic Mac- 
rocells while ten act as output enable for pins 14 
through 23. 


The OR array is a 64x36 matrix organized as 64 
inputs coming from the AND array and 36 outputs 
towards Buried and Output Logic Macrocells; in 
each macrocell feeds one Data (“D’) term and one 
Enable/clock (“E’) term. 


The device includes a total of 38 logic macrocells, 
divided into two major sections: the first is used for 
the input and input/output pins, while the other 
determines the configuration of the outputs and the 
“buried nodes”. : 


Input Logic Macrocells (ILMC) and Input/Output 
Logic Macrocells (IOLMC) 


The GAL6001S features two configurable input 
sections. The ILMC section corresponds to the 
dedicated input pins (from 2 to 11) and the IOLMC 
section to the input/output pins (from 14 to 23): 
both sections are configurable as a block for asyn- 
chronous, latched or registered inputs. 


Pin 1 (ICLK) is used as an enable signal for latched 
macrocells (transparent when high) and as a clock 
for registered macrocells (positive edge triggered). 
In any case, it is also available as direct input 
(without macrocell) to the AND array and can be 
used in any equation as any other signal. 


Registered inputs can be efficiently used for syn- 
chronization and data merging; transparent latches 
are useful when the input data is invalid outside a 
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known time window; direct inputs are used in sys- 
tems where the input data is always valid. With the 
GAL60015S, external registers and latches are no 
longer needed: it is sufficient to employ the internal 
features of the device. 


In order to configure ILMCs and IOLMCs, two 
different extensions are provided in the ST-CUPL™ 
language: if the signal coming from an input pin is 
used in an equation with the extension “.LQ”, the 
whole block to which that input belongs (ILMC or 
IOLMC) is configured as latched; if the extension 
used is “.DQ’ it is configured as registered; finally, 
if the signal is used without extensions, the block 
of macrocells is configured as asynchronous. 


Extensions are added to a signal in the form 
<name>.<ext> 


where <name> is any valid variable name; for 
example 


/* Inputs */ 
pin -2-= In A; 


/* Outputs */ 
pine Li? = Out; 


/* Logic Equations */ 
Out. = In A. LO; 


configures the ILMCs as latched, and connects the 
output of the latch (pin 2) to the output pin 17. 


You can not mix different extensions for signals 
coming from the same block of macrocells: for 
example, if you use the extension “.LQ” for a signal 
coming from input pin 2, you can not use the 
extension “.DQ” for a signal coming from input 
pin 5. 

The following table reports the extensions used by 
ST-CUPL™ to configure ILMCs and IOLMCs, 
together with the side of equations (i.e. the side of 
the equal sign) in which the extension can be used. 


Seo Description 
Equation P 
| pa | Right Q output of D-type register 
Right Q output of latch 


Output Logic Macrocell (OLMC) and Buried 
Logic Macrocell (BLMC) 


The outputs of the OR array feed two groups of 
macrocells. One group of eight macrocells, called 
Buried Logic Macrocells (BLMC), is buried; its out- 
put feeds back directly into the AND array rather 
than to device pins. These cells are useful for 
building state machines. The second group of mac- 
rocells consists of 10 cells whose outputs — in 


addition to feeding back into the AND array — are 
available at the device pins. Cells in this group are 
known as Output Logic Macrocells (OLMC). 


Output Logic Macrocells always have I/O capa- 
bility, with directional control provided by 10 output 
enable product terms, selected with the extension 
“OE” after the pin name: when the output enable 
signal is low, the buffer is in tri-state and you can 
use the corresponding pin as input. 


There are two possible feedback paths from each 
OLMC to the AND array: one directly from the 
OLMC (this feedback is before the output buffer 
and always present), and one from the OLMC after 
the output buffer through the IOLMC. The second 
path is usable as a feedback only when the asso- 
ciated bidirectional pin is being used as an output. 
With this dual feedback arrangement, the OLMC 
can be permanently buried (and in that case the 
associate pin is an input), or dynamically buried 
with the use of the output enable product term. 


The two different feedbacks from the OLMCs can 
be selected by means of extensions; more pre- 
cisely: 
¢ the extension “.INT” selects the feedback be- 
fore the output buffer, i.e. not affected by the 
output enable control; 


¢ the extension “.IO” selects the feedback after 
the output buffer through IOLMCs configured 
as asynchronous; 


¢ the extension “.IOL” selects the feedback after 
the output buffer through IOLMCs configured 
as latched; 


¢ the extension “.IOD” selects the feedback after 
the output buffer through IOLMCs configured 
as registered. 


In order to use Buried Logic Macrocells, a symbolic 
name must be assigned to them. This can be done 
in two different ways: 


* using the keyword PINNODE with the following 
syntax 


PINNODE <node_n> = [!] <var_name>; 


where <node_n>is a valid node number; in this 
case the macrocell corresponding to 
<node_n> is associated to <var_name>; 


¢ with the statement NODE in the form 
NODE [!] <var_name>; 


which allows the compiler to select any Buried 
Logic Macrocell not yet allocated. 


By means of the keyword PINNODE, it is also 
possible to configure the Output Logic Macrocells 
as buried nodes, using the corresponding pin as an 
input, in addition to the feedback into the AND array 
(before the output buffer). 
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The pin numbers to be used with the PINNODE 
keyword are reported below. 


For instance, a declaration of inputs, outputs and 
buried nodes is: 


/* Inputs */ 


pin 2 = In A; 
pin 6 = Out _En0; 
pin 7 > Our Bnd; 
pit: 25> Ta By 


/* Outputs */ 


Bam P2259]. = Oe. ys 
/* Declarations and Intermediate 
Variable Definitions */ 


pinnode 42 = Bur Feed; 
node L; 
pinnode 30 = M; 


Output Logic Macrocell 23 is declared as buried 
node (node number 42) and the corresponding pin 
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is used as input (/n_B). Output logic macrocell can 
be treated as buried registers (using the extension 
“.D” to specify the data input) or as buried combi- 
natorial nodes (referring to the macrocell name 
without extensions). 


The statement 
pinnode 30 = M 


assigns the symbolic name M™ to the Buried Logic 
Macrocell 5, while L, named in the statement 


node L; 


is any available BLMC. 


The extensions to be used to select feedbacks from 
BLMCs and OLMCs are the followings. 


Side of sat 
extension] <n! | pectin 
Internal feedback 
(before the output buffer) 
ce lw 
EI 


Feedback after the output 
buffer through 
asynchronous IOLMC 


Feedback after the output 
buffer through registered 
IOLMC 


Right 


Assuming the declarations of the previous 
example, consider the following: 


Feedback after the output 
buffer through latched 
IOLMC 


/* Logic Equations */ 


YO = iy Be 
YO.OE = Out _En0; 


Bur Feed = In _ A; 


11 = Bur Feed; 
¥1.0E = Out. Enl; 


rz 
8a: 


TU LNT; 
20.203 


fl 


In this case OLMC 23 is used as a buried combi- 
natorial node, assigning to its input the signal /n_A 
without using extensions. 


The feedback signal from the Output Logic Macro- 
cell 23 (Bur_Feed) is used in the equation 


i == Bur Feed 
N 3/21 
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The Y2 signal is the feedback of YO before the 
output buffer (i.e. not affected by the output enable 
control YO.OE = Out_En0) and Y3 is the feedback 
of the same signal ( YO) after the buffer, through an 
asynchronous Input/Output Logic Macrocell. 


The last equation is equivalent to one in which no 
extension is used. 
The default feedback path from the Output Logic 
Macrocells is different depending on the macrocell 
configuration: 
¢ if the OLMC is asynchronous then the default 
feedback is after the output buffer, i.e. 


Dan. b22. 20) = iE 0); 


YO 
pee 


Ind? 
YO: FO; 


is equivalent to: 
Dis (225020 | SEs le 


YO 
Rael 


ind: 
YO: 


of course, the internal feedback can be always 
chosen using the extension “INT”. 


¢ if the OLMC is registered then the default feed- 
back is the internal one, i.e. 


selects the feedback before the output buffer 
(not affected by the output enable control); it is 
not possible to use the “.INT” extension with 
registered output logic macrocells; the feed- 
back after the output buffer can be selected 
with the extension “.1O”. 


Buried and Output Logic Macrocells may be set to 
one of three valid configurations: combinatorial, D 
type registered with sum term (asynchronous) 
clock or D/E type registered; these macrocells can 
be configured on a macrocell by macrocell basis, 
regardless to which block they belong. 


The Enable/clock sum terms are used as asyn- 
chronous clocks in the asynchronous D type regis- 
tered configuration or as clock enable signals in the 
D/E type registered configuration. 


The data input of any registered macrocell is spe- 
cified by adding the extension “.D” to the macrocell 
name. The asynchronous clock input is selected by 
the extension “.CK”, while the extension “.CE” spe- 
cifies the clock enable signal for D/E type registers. 
In both cases the corresponding macrocell is auto- 
matically configured in the correct way. Of course, 
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you can not add both the extensions “.CK” and: 
“CE” to the same macrocell name. 


Registers in both the Output and Buried Logic 
Macrocells feature a common reset product term; 
this active high product term allows the registers to 
be asynchronously reset to a logic zero. If con- 
nected to an output pin, a logic one will occur 
because of the inverting output buffer. 


The asynchronous reset signal can be specified 
using the extension “.AR”; for instance: 


/* Inputs */ 
pin.3 = Rst; 


/* Logic Equations */ 
L.AR Rst; 
M.AR Rst; 


The reset signal is generated by a unique product 
term, common to all the device: so it is not possible 
to write different reset expressions for the various 
macrocells. 

Moreover the reset signal can not be generated by 
an equation not reducible to a logic product (be- 
cause the product term is only one); for example: 


M.AR = C & E # G; 


is not a valid equation because the sum can not be 
eliminated (the implementation of such an equation 
would require two different product terms summed 
together). 


The extensions reported below can be used to 
manage OLMCs and BLMCs. 


extension j__beccrnon 
Le | Data input of register 
Asynchronous reset signal 
za 


Left Clock enable signal of 
D/E type register 


Asynchronous clock of 
D type register 


Fuse Plot Format in Documentation Files 


The ST-CUPL™ compiler can generate a do- 
cumentation file containing useful information 
about the design, such as expanded product terms, 
symbol table and chip diagram. 

It comprehend also a fuse plot that represents ina 
more readable way the Jedec file that will be used 
to program the device; by means of this plot you 
can see how the part will be really programmed. 
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Examples of fuse plots can be found in Figures 3 
and 8. 


Assuming that a “O” (zero) in the Jedec file means 
that the corresponding memory cell in the device is 
programmed (i.e. the connection is made) and that 
a “1” (one) means that the cell is not programmed 
(i.e. there is no connection), the symbols used in 
the fuse plot are the following: 


Fuse Plot Symbol Jedec File Bits 


The first two symbols are used in the macrocell 
configuration and in the OR array sections. 


The last four symbols stand for two bits and are 
used in the AND array part; more precisely “-” 
means that no connection is made, “O” means that 
both connections are present (i.e. the correspond- 
ing product term is always at a logic level low), “L” 
means that the complemented input is connected, 
while “H” selects the true input. 


The first lines of the plot show the configuration of 
the logic macrocells; more precisely: 


¢ the first eight lines are referred to BLMCs; the 
node number, the starting memory address 
(i.e. the memory address of the first bit men- 
tioned) and the mode of configuration (CKS(i), 
OUTSYN(i) and XOR«(i) bits) are reported for 
every BLMC; 


¢ the next ten lines contain pin number, node 
number, starting memory address and mode of 
configuration (CKS(i), OUTSYN(i), XORE(i) 
and XORp(i) bits) for every OLMC; 


* then the configuration bits for the ILMC and 
IOLMC blocks are reported. 


After these lines, there is the memory map of the 
AND and OR arrays: 


¢ lines with starting address from 0000 to 7182 
are referred to the AND array (first part of the 
line) and to the OR array (second part of the 
line); 


¢ the ten output enable product terms are re- 
ported in lines from 7296 to 7998; 


Gay SGS-THOMSON 
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* the last line is the reset product term. 


The address of any bit can be calculated adding 
the cardinal position of this bit in the line to the 
number reported at the beginning (taking care that 
bits in the AND section are two for every symbol). 


Simulation File Format 


The logic simulator included in the ST-CUPL™ 
package accepts as input an ASCII file composed 


by: 
* the same header contained in the source file; 


*an ORDER statement in which the signals 
involved in the simulation are declared (in the 
correct order); 


«a VECTORS section that specifies the inputs 
and outputs signal values; this part can contain 
optional $MSG directives that indicate some 
strings to be included in the simulation output. 


Input signals value must be specified with the 
following symbols: 


Symbol Signal Value 
poo | mpattow 
<= Input high 


Clock input low, high, low 
Clock input high, low, high 


Output signals can be tested using the following 
symbols: 


ae ees 
pH | testoutputtigh 
2 Seamer te 


Don't care value, the output value is 
undefined (it may be high or low) 


If the simulator finds that some values do not 
match, the user is alerted and both the expected 
and the actual values are specified. 


It is also possible to specify asterisks (“*’) instead 
of output test values. In this case the simulator will 
calculate the output test values. 


Moreover, the waveform simulation output can be 
automatically obtained. 
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PROGRAMMING EXAMPLES 


Two programming examples that show how to 
configure the GAL60015S are reported below. 


ILMC/IOLMC Programming Example 


The example reported in Figure 1 (called 
“ILMC/OLMC example’) shows how to configure 
ILMCs and |OLMCs as latched or registered inputs; 
more precisely Input Logic Macrocells are con- 
figured as latched, while Input/Output Logic Mac- 
rocells are registered. Two output pins are directly 
connected to the macrocell outputs in order to 


Figure 1. ILMC/IOLMC Example — Source Code 


monitor their behaviour. 

The functioning of the device can be checked with 
the logic simulator of the ST-CUPL™ (whose output 
is reported in Figure 2). As you can see, the input 
clock (ICLK) acts as a clock for the registers (trig- 
gering on the rising edge) and as enable for the 
latches (transparent when high). The correspond- 
ing timing diagram is shown in Figure 5. 

Figure 3 reports the documentation file generated 
by ST-CUPL™, while Figure 4 contains the input file 
used by the simulator. 


ILMC6001 - ILMC/IOLMC GAL6001 Programming Example; 


Name 

Partno ILMC 6001; 

Date January 1992; 

Revision 00; 

Designer Ernesto; 

Company SGS-THOMSON Microelectronics; 
Assembly None; 

Location None; 

Device G6001; 


/* Inputs */ 

pin 1 = Iclk; 
pin 2 In A; 
pin 14 = In B; 


/* 
/* 
/* 


/* Outputs */ 
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Clock of ILMCs and IOLMCs 
Dedicated input pin */ 
Bidirectional pin used as input */ 


Pin. 27) = 4 Ouec? 

pin 18 = R_Out; 

/* Logic equations */ 

L Out = In A.LQ; /* 
a = Vs 
R Out = In B.DQ; i 
i = ie 

6/21 
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Input Logic Macrocells configured */ 

as Latched Inputs */ 

Input/Output Logic Macrocells configured */ 
as Registered Inputs */ 
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Figure 2. ILMC/IOLMC Example — Simulation Results 


Eek In A In B 1 Out KR Out 
0001 a, as 1 H H 
0002 Al 1 1 H H 
0003 ut 0 0 L H 
0004 0 0 0 L H 
0005 0 1 1 L H 
0006 af 1 fe H H 
0007 1 @) 0 L H 
0008 ug 0 0 L H 
0009 id 1 3 H H 
0010 1 1 i H H 
0011 1 0 0 L H 
0012 4, 0 @) L H 
0013 1 le lt H H 
0014 1 1 1 H H 
0015 1 0 0 L H 
0016 a8 0 0 L H 
0017 Ae 1 1 H ‘el 
0018 @) 1 1 is H 
0019 0 0 0 H H 
0020 0 0 0 H H 
0021 0 1 1 H H 
0022 0 1: al H H 
0023 0 0 0 H H 
0024 0 0 0 H H 
0025 0 1 1 H H 
0026 0 ly 1 H H 
0027 0 0 0 H H 
0028 0 0 0 H H 
0029 0 ie Ae H H 
0030 @) 1 1: H H 
0031 0 ¢) @) is H 
0032 1 0 0 L BF 
0033" nt 1 1 H L 
0034 1 1 1 H Ty 
0035 1 0 0 I L 
0036 1 0 0 L L 
0037 uf 1 1 H L 
0038 1 1 alt H L 
0039 0 0 0 H iy 
0040 0 @) 0 H L 
0041 6) 1 1), H L 
0042 0 1 a H L 
0043 0 ) 0 H L 
0044 0 0 0 H L 
0045 0 ds 1 H L 
0046 1 ak Ne H H 
0047 al 0 0 L H 
0048 1 0 0 L H 
0049 1 1 1 H H 
0050: it ‘le 1 H H 
7/21 
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Figure 3. ILMC/IOLMC Example — Documentation File 


KKEKKEKKKKKKKKKEKKK KKK KK KEKE KKK KKK KKK KKK KKKRKRK KKK KK KRKKKK KK KKKKKKKKRKKKKKEKKKKKKKK 


TLMC6001 


KEK KKK KK KKK KKK KK KKK KK KK KKK KKK KKK KKK KKK KK KKK KK KK KKK KKK KKK KKK KKKKKKKKEKKEKKKKSK 


CUPL 4.0a Serial# ST-15000002 
Device g6001 Library DLIB-h-200-13 
Created Tue Jan 7 12:00:00 1992 

Name ILMC6001 - ILMC/IOLMC GAL6001 Programming Example 
Partno ILMC 6001 

Revision 00 

Date January 1992 

Designer Ernesto 

Company SGS-THOMSON Microelectronics 
Assembly None 

Location None 


be Out = 
In A.lg 
RvOuUL = 
In Bwdq 
i Out.oe = 
as 
R OUL.Oe = 
ifs 
Symbol Table 
Pin Variable Pterms Max Min 
Pol Name Ext Pin Type Used Pterms Level 
Lek 1 V = = = 
In A 2 V - - - 
In A lg 2 X 7 = a 
In B 14 V - - - 
In B dq 14 Xx 2s = - 
L Out cy V 1 64 1 
R_ Out 18 V il 64 1 
L Out oe LT D 1 ai 0 
R_ Out oe 18 D a: il 0 
LEGEND ES? aed. D : default variable M : extended node 
N : node I : intermediate variable T : function 
V : variable X : extended variable U : undefined 
Total product terms merged: 0 
Total product terms used by OR Arrays: 2 
2 
oe Ew S&S-THOMSON 
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Figure 3. ILMC/IOLMC Example — Documentation File (continued) 


Node #25 08154 Mode AAA 

Node #26 08157 Mode AAA 

Node #27 08160 Mode AAA 

Node #28 08163 Mode AAA 

Node #29 08166 Mode AAA 

Node #30 08169 Mode AAA 

Node #31 08172 Mode AAA 

Node #32 08175 Mode AAA 

Pin #14 Node #33 08178 Mode AAAA 

Pin #15 Node #34 08182 Mode AAAA 

Pin #16 Node #35 08186 Mode AAAA 

Pin #17 Node #36 08190 Mode A.A. 

Pin #18 Node #37 08194 Mode A.A. 

Pin #19 Node #38 08198 Mode AAAA 

Pin #20 Node #39 08202 Mode AAAA 

Pin #21 Node #40 08206 Mode AAAA 

Pin #22 Node #41 08210 Mode AAAA 

Pin #23 Node #42 08214 Mode AAAA 

INSYN 08218 A ILATCH 08219 A TONSYN 08220 A IOLATCH 08221 . 
00000 -H-—_—-__—______——_- ......... Pes povis he Bese. a 2k cay eee Seat Boas eee A 
00 ee oh eek Pio wh Pa Gare ROR Ra eb ato Bae 


00228 DODDD0000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAA 
00342 DDD0000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
00456 DD0D00000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAA 
00570 O000000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
00684 DODDD0DD000000N000N00N000000000000000000 AAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAA 
00798 DDDDD00D000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAA 
00912 DODDDDDDDN0DNDNND0DN0000N00000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAA 
01026 DDD000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAARAAAAARAAARAAA 
01140 ODDDD0D000000D00N00N000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAABRAAAAAAAAA 
01254 DODDD00000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAARAARAARAARA 
01368 ODDDDD000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAABA 
01482 QODDDDNDNN0NNNN0NNNNDDN00000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
01596 DODDDDNDDNDNNDDNDNDNDNDNDNDN0D00000000000000 AAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAARAA 
01710 DDDDDDDD0D000D0ND0D0D00D0D0D00ND000D000000000 AAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAA 
01824 ODD0000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAARAARAAAAAARA 
01938 ODDDDD0000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
02052 DODDDDN0N0N0NNNN0N00N00000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAA 
02166 DODDDDD00N0D0N0NNDNDNDNDNDNND0N0N0000000000 AAAAAAAAAAAAAAAAAAAAAAAAABAARAAAAAAAAA 
02280 DODD00000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAABAAAAAAAAA 
02394 DO00000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
02508 ODOD0D00000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
02622 DODDDDD00000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
02736 DDDDDDD0N00N0000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
02850 DDDD000000000000N0N0D0000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAABAAAAAAAAA 
02964 DODDDDDNDNNDNDND0DNDNNDND0NDNDN0D0ND000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
03078 DODDDDDDD0ND00D00ND00DND00D00N0000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
03192 DODDDDDDDDDDNDDNDDNNDDDNDNDNDDNNDD000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
03306 DODDDDD0000D00N0NDNDNDNDN0N0000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
03420 DD0D00000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
03534 DODDDDDDNNDDNDNNNDNDDNDNNDNND0N0N0000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
03648 DDD0D0000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
03762 DODDDDDDDDD00DND0ND0DN0DNNDN0NDN0000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAADAAADA 
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Figure 3. ILMC/IOLMC Example — Documentation File (continued) 


03876 
03990 
04104 
04218 
04332 
04446 
04560 
04674 
04788 
04902 
05016 
05130 
05244 
05358 
05472 
05586 
05700 
05814 
05928 
06042 
06156 
06270 
06384 
06498 
06612 
06726 
06840 
06954 
07068 
07182 
07296 
07374 
07452 
07530 
07608 
07686 
07764 
07842 
07920 
07998 
08076 


ODDDDDDDDNDDDNDNDNDNDDDNDNDDNDND0DN0N0D000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
OODDDDNDDDD0DODDNDDNNDDNNDNND0ND0N0000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
ODDDDDDD0DDDDND0DNDNDNDD0DN00000000000000000 AAAAAAAAARAAAAAARAARAARAAARAAARAAAAAAADA 
OODDDDDNDDDDNDNNDNNDNDNDNDNNDNDN0D00000000000 AAAAAAAAAAAAAAAAAAAARAAAAARAAAARAAAARAA 
ODDDDDDDDNDDDND0DN0D0ND0NN0DN0D0D0N000000000000 AAAAAAAAAAAAARAAAAAAAAAAAAAAARAAAAAAA 
OO0DDDDNDDDDD0DDDNDDND0DNDNND00D0N000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
OODDDDDDD0000D0D000000N00000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
ODDDDDNDDDDNDNNDNDNNDNDNNDNDNND0N000000000000 AAAAAAAAAAAAAAAAAAAAABARAAAAAAARAAAAA 
ODDDDDDDDNDDNNDNNDDNDNNNDNDND0N000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAABARARAAAAA 
OO0DDD0DD0DDDND00D0N00DNDN0D0000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAA 
OODDDDDDDNDD000D00D0DNNDNDND00N0000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAA 
OO0DDDNDDDD0D00D0D000DN000D0000000000000000000 AAAAAAAAAAAAAAAAAAAAAAARAARAAAAARAAA 
OODDDDDNDNDNDNDDDNDNDNNDD0DN0N00000000000 AAAAAAAAAAAAAAAAAAAAAARAAAAAARAAAARAAAA 
OODDDDDDDOODNNDOODDNDNODNODDNNDNONN00000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
OODDDDNDDDNDNDDNDNNNDNDNNNDNNN000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAARA 
OODDDDDDDD0N0DN0N0N0ND0NNND0ND0000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
OODDDDDNDDDNDODNDNDNDNDN0NNDN0N0N0000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
ODDDDDDDDDDDDDDND0DDDDNDNDNNNND00N0000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAABABRAAAAA 
OODDDDDDDDDNDDDDN0DNDNDDDNNDDNDNNDNN0ND000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
OODDQDDDDDNDNDDDDDNDDNNDNDNNDDONDN0N0N00000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
OODDDDDDDNDDDNNDNNDNNDNDNDNNDNNDNDN00000000 AAAAAAAAAAAAAAAAAAAAABAAAAAAAAAAAAAA 
OODDDDDDDNDDDDD0DDDNDNNDN0DNDNNDNNDN0DN00000000 AAAAAAAAAAAAAAAAAAAAAAAAAAABAAAABAAAA 
OODDDDDDDDDDNDDNNDNNDNDNDNDNND0NNDNND00000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAARAARAAAABAA 
OODDDDDDDNDNDDDNDDNDDNDDNDNDONDNNNDNNDND000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
OODDDNDDDODDDODDNDNDDNNDNNNNDN00NN00000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
OODDDDDDDNDDN00N0NDDNDN0NDDN00D00N00000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
OODDDDDDDDDND0ND0DN0NDNDDND0NDNDNNDN0D000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
OODDDDDDDNDDNDNDDDDNDDDN0N0DNND00D000000000 AAAAAAAAAAAAAAAAAAAAAAAABAAAAAAAAAAAA 
ODDDDDDDDNDDDDDNDNDDNDNDDNDDNDDNDND0ND000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
OODDDDDDDDDNDDDNDDNDNNDDNNDDDNDND0N000000000 AAAAAAAAAAAAAAAAAAAAAARAAAAAAABAARAAA 
000000000000000000000000000000000000000 

OODDDDD0D0ND0DNDNDNDNND0NNND0N00000000000000 

ODDDDDDDDNDDDD0DNNDNDND0DNNN000000000000000 

000000000000000000000000000000000000000 


000000000000000000000000000000000000000 


000000000000000000000000000000000000000 


000000000000000000000000000000000000000 
OODDDDDDDNDDDN0D00N0N0000000000000000000 
000000000000000000000000000000000000000 


LEGEND Single fuse 
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L : active level low H : active level high 
A> active. fuse not: blown - : active fuse blown 


double fuse 

0 : neither fuse blown - : both fuses blown 
L : first fuse blown H : second fuse blown 
As Qenerate o # propagate 
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Figure 3. ILMC/IOLMC Example — Documentation File (continued) 


ILMC6001 | 

Telk x= |1 24|—-x Vcc 
cncA 6Hs:[2 23 |-—-x 

x= [3 Z22)|\==s 

x—- | 4 21 (SX 

x—-|5 20 |—-x 

x—- | 6 19 |—~-x 

> Coll | LO: | === R-Out 

Deere [Eto Lh |= 41s OUs 

x—--|9 16. |==x 

x—-|10 LS: |==x 

Ree) Ld TS |= IB 
GND x-—-|12 13|—-x 


Figure 4. ILMC/IOLMC Example — Input File for Simulation 


Name ILMC6001 - ILMC/IOLMC GAL6001 Programming Example; 
Partno ILMC 6001; 
Date January 1992; 


Revision 00; 

Designer Ernesto; 

Company SGS-THOMSON Microelectronics; 
Assembly None; 

Location None; 

Device G6001; 


order: 6Z2,1clk,37, In A, s5, In JB; 37, Out, $6,R. Out; 


vectors: 


War, 
f 


Smsg 
Smsg “ Iclk In A In B L-Out: «Ri Out’; 
Smsg “ SSS ee 

smsg “”; 


1 11 ** 
11 *x* 
00 K* 
00 xK* 
11 k* 
11 *x* 
00 K* 
00 K* 
11 Kx 
11 ** 
O00 ** 
00 kk 
11 K* 
11 ** 
00 ** 
00 ** 
11 ** 


PREP RPP PRE RPRPrPRPOOFRE 
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Figure 4. ILMC/IOLMC Example — Input File for Simulation (continued) 


xx 


00 k* 
00 kx 
11 ** 
11 ** 
00 ** 
00 ** 
11 ** 
11 ** 
00 ** 
00 ** 
11 ** 
11 ** 
00 ** 
00 ** 
11 ** 
kk 
00 k* 
00 kk 
11 xk 
11 ** 
00 k* 
00 kx* 
LL Kk 
11 Kx 
00 Kk 
00 kk 
11 *kx* 
11 k* 
00 k* 
00 K* 
11 Kx 
11 K* 


i) 
— 
Ko 


rPrRrRFRrRrRPOOTOCOOOOCOOCOrFRRFRFRFRFPHPrRrRPOOCOOOOOOO CCC 0 Oo 
fk 
hk 


Figure 5. ILMC/IOLMC Example — Timing Diagram of the Simulation 
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OLMC/BLMC Programming Example 


An example of the use of Output and Buried Logic 
Macrocells — together with other features of the 
device — is reported in Figure 6 (this example is 
called “OLMC/BLMC example”). 


The bidirectional pin 23 is permanently used as an 
input utilizing the corresponding Output Logic Mac- 
rocell as a buried node by means of the statement: 

pinnode 42 = Bur Feed; 


that associates the symbolic name Bur_Feed to 
OLMC 23. 


Output YO is directly connected to /n_B; the output 
enable control is provided by the signal Out_En0. 


PROGRAMMING THE GAL6001S 


OLMC 23 is configured as combinatorial buried 
node and its output is monitored from the external 
by directly connecting it to the output pin 21 (Y7). 


The output signals Y2and Y3 are the feedbacks of 
YO (Output Logic Macrocell 22), respectively be- 
fore and after the output buffer. Being the OLMC 22 
configured as asynchronous, the default feedback 
is the internal one; so the equation for Y3 should 
have been written as 


form completely equivalent to the one used in the 
example. 


The use of D/E type registers is illustrated with the 
statements for YRO and L; the clock enable signal 


Figure 6. OL 


MC/BLMC Example — Source Code 


Name OLMC6001 - OLMC/BLMC GAL6001 Programming Example; 
Partno OLMC 6001; 
Date January 1992; 
Revision 00; 
Designer Ernesto; 
Company SGS-THOMSON Microelectronics; 
Assembly None; 
Location None; 
Device G6001; 
/* Inputs */ 
ane Ss SOG /* Clock of BLMCs and OLMCs */ 
pin 2 = In A; /* Dedicated input pin */ 
pin 23 = In B; /* Bidirectional pin used as input */ 
pin 3 = Rst; /* Signal used as Asynchronous Reset of */ 
/* registered OLMCs and BLMCs */ 
pin 4 = As Clk; /* Signal used as Asynchronous Clock */ 
pin 5 -= Hold; /* Signal used as Clock Enable for D/E Registers */ 
pin 6 = Out_En0; /* Signal used as Output Enable */ 
pin 7 = Out _Enl; /* Signal used as Output Enable */ 
/*® Outputs. */ 
pin, [22464 11 = [y¥Os.51; /* Combinatorial outputs */ 
Dim [16.215] = ([YR0..145 /* Registered outputs */ 
/* Declarations and Intermediate Variable Definitions */ 
pinnode 42 = Bur Feed; /* OLMC 23 declared as Buried Node */ 
node L; /* BLMC automatically selected */ 
pinnode 30 = M; /* Selects BLMC 5 */ 
/* Logic equations */ 
YO = In _B; /* Signal coming from pin 23 used as input */ 
YO.OE = Out _En0; /* Output Enable control '*/ 
Bur Feed = In A; /* Input of OLMC 23 used as buried node */ 
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is generated by connecting the negation of the 
input named Hold to the CE input of the registers. 
When the Hold signal is low (i.e. /Hold is high) the 
clock is enabled, so the flip-flop acts as a normal 
D type; if Hold is high, every commutation of the 
registers is forbidden, i.e. it is in a blocked state. 


Output logic macrocell 18 (YAR7) and buried logic 
macrocell 5 (M) are configured as D type registers 
with asynchronous clock; the clock signal is the one 
coming from input pin 4 (named As_ Clk). 

The M and L signals are brought to the external 
world connecting them to the output pins 17 and 18 
(Y5and Y4). 


In the example, for the sake of clarity, the ex- 
pressions assigned to the clock enable and asyn- 
chronous clock signals are very simple (only a 
connection of a signal) and are the same for all the 
registers; obviously it is possible to use a different 
signal for every flip-flop, generated in any ex- 


pression that can be implemented using the “E” 
sum term of the macrocells. 


The reset signal — common to all registers — 
comes from input pin 3 (Ast); also in this case the 
expression used in the example is simple, but can 
be any one implementable using a single product 
term. 


The results of the logic simulation is reported in 
Figure 7; the behaviour of every output signal is: 


¢ the value of YO is equal to /n_B, except when 
Out_En0Ois low (vectors 4 to 6, 12 to 14 and 19 
to 21); in these cases the output is in tri-state; 


¢ Y7is equal to Bur_Feed (buried OLMC 23) that 
in turns is equal to /n_A; again the output is in 
tri-state when Out_En7 is low; 


* the signal Y2is equal to the value assumed by 
Output Logic Macrocell 22 (YO); so it is equal 
to /n_B even when YO is in tri-state (the feed- 
back taken is the internal one); 


Figure 6. OLMC/BLMC Example — Source Code (continued) 


Y1l= Bur Feed; 
OR. = Out_Enl; 


/* Feedback of OLMC 23 before the output buffer */ 
/* Output Enable control */ 


Feedback before the output buffer */ 


¥2-= ‘YO.INT;: [* 


Y3 YO.,50¢ /* Feedback after the output buffer */ 

/* This equation is equivalent to Y3 = YO; 
L.AR = Rst; /* Asynchronous Reset of registers */ 
M.AR = Rst; /* Asynchronous Reset of registers */ 
YRO.AR = Rst; /* Asynchronous Reset of registers */ 
YR1.AR = Rst; /* Asynchronous Reset of registers */ 
YRO.CE = !Hold; /* Clock Enable for D/E type register */ 
YRO.D = In B; /* Data anput of the: register */ 


YR1.CK = As Clk; /* 
D = In B; Ee 


Asynchronous Clock for D type register */ 


Data input of the register */ 


L.CE = !Hold; /* Clock Enable for D/E type register */ 
L.D = In A; /* Data input of the register */ 
MoCK-=>.As Clk; /* Asynchronous Clock for D type register */ 
M.D = In A; /* Data input of the register */ 
Y4 = L; 
Y5 = M; 
14/21 
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¢ the value of Y3is the same as YO: when YO is * macrocell 16 (YAO) is configured as D/E type 
in tri-state, the value of Y3 is undefined; in this register, with /n_B as data input and Hold ne- 
case the feedback is affected by the output gated as clock enable signal; its behaviour is 
enable signal; analogous to that of L; 

¢ Y4 is the monitoring of L (a BLMC configured * macrocell 15 (YR7) is configured as D type 
as D/E type register, having /n_A as data input asynchronous register, with /n_B as data input 
and Hold negated as clock enable input); from and As_Cl/k as asynchronous clock signal; its 
the simulation it can be noticed that when the behaviour is analogous to that of M. 


Hold signal is high (vectors from 5 to 8) the 
state of the register is blocked (i.e. transitions 
are forbidden); outside this windows, the flip- 


All registers feature a common reset signal (in this 
case Asi): this signal causes a reset to a low state 
of all registers (vector 10). If the registers are con- 
flop acts as a D type register clocked by the — pected to an output pin ( YRO and YR7) ahigh value 
Ocik signal; will be present on that pin, due to the inversion of 
the monitoring of M (a BLMC configured as the output buffer. 


D type register, having /n_Aas datainput and _ Figure 8 reports the documentation file generated 
As_Cikas asynchronous clock input) is YS, this = by the ST-CUPL™ compiler, while Figure 9 con- 
flip-flop is clocked by the As_Cik signal; tains the input file used by the simulator. 


Figure 7. OLMC/BLMC Example — Simulation Results 


Oclk In_A In_B Rst Hold As Clk Out_En0 Out_Enl YO Y1 Y2 Y3 Y4 Y5 YRO YRI1 


OGOTs :C 0 1 0 0 0 1 i BH aie “H.-H ay. .G H H 
0002: C us a 0 0 i: it 1 He Hy fH. we SHO oH H H 
0003: C 0 0 0 0 0 x L i a. -G> ds, GS) on L H 
0004: C 1 a 0 0 0 0 A 4 HH. x Hf H H 
0005s C 0 1 0 L ag 0 1 2 L HH xX H IL H H 
OOUGe. 3c 1 1 0) 1 0 0 0) Ge 36, “He ak “He. a A H 
0007s. € 0 0 0 1 0 1 0 GG - sli: be <H ub H H 
VOOR. -C 3 0 0 dk a i 0 L ZL L H Hu H L 
OO09: <e a uf 0 0 9) a 1 H.-H BH -H. -H. H L 
0010: C 0 1 a 0 0 1 1 Hb, sf oe ly H H 
QOLi: 0 1 0 0 il i a Hi ile. He tHe sie ~ Ts H H 
0012s € 1 0 0 0 0 ) 1 42: {H. b> 2. HG L H 
QOL Ss oC 0 1 0 0 0 0 ut 2 LH xX L &L H H 
O014: ¢ 1 1 0 0 1 0 0 a 4-H x: Ht H H 
VOLS. “Cc 0 ik 0 0 1 1 0 HB. -@ oH of. 4 oe H H 
COL6: °C a 0 0 0 0 BA 0) Ly. 4 a iG =H: .H L H 
O01 Cc 0) 0 0 0 1 ts 1 Li sb, vi 2G, -is JB L L 
VOLS) al 0 0 0 0 i i i, ‘Gy de -da .Hy ob L L 
OOLGe “C 0 Hi 0 0 0 0 1 Z LH xX L L H L 
00203: C 1 ni 0 0) df 0 1 Z H H X H 4H H H 
OOZLe <C 0 1 0 0 0 0 i 2 dy H & .G. >oo H H 
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Figure 8. OLMC/BLMC Example — Documentation File 


KEKKEKKKKKKEKKKEKKKK KKK KKK KKK KKK KKK KKK RK KKK KEK KKK KKK KEK KKK KKK KR KK KKK KKK KKKRKKKKK 


OLMC6001 


KKEKKKKKEKEKKKK KEKE KKK KEK KKK KKK KK KKK KKK KEK KKK KKK KEK KKK KKK KEK KEK KKK KKK KK KKK KEKKKKKKKKSE 


CUPL 
Device 
Created 
Name 
Partno 
Revision 
Date 
Designer 


4.0a Serial# ST-15000002 

g6001 Library DLIB-h-200-13 

Tue Jan 7 12:00:00 1992 

OLMC6001 - OLMC/BLMC GAL6001 Programming Example 
OLMC 6001 

00 

January 1992 

Ernesto 


Company SGS-THOMSON Microelectronics 
Assembly 


Location 


YOvoe: = 
Out_En0 
Yl = 
Bui Peed 
Yl.oe = 
Out_Enl 
Y2 = 
YO sit 
Y3= . 
YO.i0 


KK 
ye) 
© 
08) 
K 
II 
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Figure 8. OLMC/BLMC Example — Documentation File (continued) 


YRO.d. = 
in .B 

YRl.ar = 
Rst 

YRI.ck = 
As Clk 

YR1.d = 
In. .B 

ih Buoe-. = 
0 

Y2.0e€ = 
1 

Y3.0e€ = 
iL 

Y4.0e€ = 
dL. 

Y5.0e = 
iL 

YRO.ce = 
1 

YR1.0e = 
zE 

Symbol Table 

Pin Variable Pterms Max Min 

Pou Name Ext Pin Type Used Pterms Level 
Aso Clk 4 V - - - 
Bur Feed 42 N a 64 ii 
Hold 5 a - - - 
Tn. A 2 V - - _ 
In B 23 V —_ - - 
I 25 N - - - 
if ar 25 M Hl 1 1 
Ty ce 255 M 1 64 4 
L dad 25 M ik 64 1 
M 30 N = - as 
M ar 30 M le 1 1 
M ck 30 M 1 64 1 
M d 30 M 1 64 1 
OGL 3 V = ~ = 
Out_En0Q 6 V 2 = 7 
Out_Enl 7 V = = = 
Rst 3 V - - - 
YO 22 V i 64 dd: 
YO int 22 4 _ - 
YO 10 22 Xx = - = 
YO oe 22 x 1 1 AL 
ye 2a Vv 1 64 al) 
al oe 21 x 4 1 al 
Y2 20 V 1 64 il 
<3 19 V 1 64 1 
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Figure 8. OLMC/BLMC Example — Documentation File (continued) 


Y4 18 V al 64 ai 
oO 17 V if 64 1 
YRO 16 V = = = 
YRO ar 16 X ie 1 sf 
YRO ce 16 X 1 64 1 
YRO a 16 Xx sl 64 sh 
YR1 i Re V - - _ 
YERL ar Lo X iL 1 1 
YR1 ck 15 X 1 64 1 
YR1 da 15 X Ke 64 1 
in, B oe 25 D 1 dd: 0 
Bar oe 20 D 1 1 0 
13 oe 19 D 1 di 0 
Y4 oe 18 D 1 1 0 
nes, oe 17 D ie an 0 
YRO oe £6 D 1 ab 0 
YR oe ile, D 1 a 0 
LEGEND F : field D : default variable M : extended node 
N «> node I: intermediate variable f+ £unetLion 
V : variable X : extended variable Ui: Uneertaned 


Total product terms merged: 6 


Total product terms used by OR Arrays: 9 


Node #25 08154 Mode .AA 
Node #26 08157 Mode AAA 
Node #27 08160 Mode AAA 
Node #28 08163 Mode AAA 
Node #29 08166 Mode AAA 
Node #30 08169 Mode AAA 
Node #31 08172 Mode AAA 
Node #32 08175 Mode AAA 
Pin #14 Node #33 08178 Mode 
Pin #15 Node #34 08182 Mode 
Pin #16 Node #35 08186 Mode 
Pin #17 Node #36 08190 Mode 
Pin #18 Node #37 08194 Mode 
Pin #19 Node #38 08198 Mode 
Pin #20 Node #39 08202 Mode 
Pin #21 Node #40 08206 Mode 
Pin #22 Node #41 08210 Mode 
Pin #23 Node #42 08214 Mode A. 
INSYN 08218 . ILATCH 08219 . IONSYN 08220 . IOLATCH 08221 . 
O0000" =e ee oO ee we ees Yee eee Pie eee ca at cs A. 
00114 —L-—_—_—__————_- ....... Pir taxis ened Dat Seba aS) Ma laa eS OE, a eae A 
00228 —H— —-——_———-. | LB. cc te eee PS @ ae eiatned Be 
00342 ———————-H————_ .. .A..A............ Pou det iuca tans aout cetacean 
00456 ————————————_-_ .......................... Psi ain gh test nM crc wade: Sica 
00570 —-—————————-H- ......... -. 2a Pils itn gd Licata, areca oe Sia wn ata Roatde 
00684 ————————_H—————__ ........ ..... Dao vs ve, 3a eS ae eaee ate Sow ca ae 
00798 : Cee Te ee Pig cng Sve dca Ge ere ke ae aE 


BEE 


adadade 
eb DD D> > 
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Figure 8. OLMC/BLMC Example — Documentation File (continued) 


O00 SS Pas Pras Shea aia teantah OME cae ae Sh Satin Ne ones aNd ey 

01026 DDDD000000000000D00000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAABAAADA 
01140 DODDDDDD0N0D0D00D0D0ND0NDN0N000D00000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAA 
01254 DD0D00000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAABAAAARAA 
01368 D0DD00000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
01482 D0D000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
01596 D0DD0DD00D00000ND0000D00ND000000D00000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
01710 OODDDDDDDDDDDNDNDDN0N0N000000000000000000 AAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAA 
01824 000000000000000000000000000000000000000 AAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAA 
01938 D0D000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAARAAARAAAAAAAAARA 
02052 NDD0000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
02166 000000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
02280 DD0D000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
02394 DO0D0DD00000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
02508 DODDD0000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAA 
02622 DODDDDDD0N00000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
02736 D0DD00000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
02850 O0DD00000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
02964 DO0D000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAABA 
03078 ODOODDDD000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAA 
03192 DODDDDDNDNDNNDN0NN0NN0000000000000000000 AAAAAAAAAAAAAAAARAAAAAAARAAAAAAAAAAAAA 
03306 DODDD00000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
03420 DDD000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
03534 D00000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAADAA 
03648 DODDDDDDDNDNNDDND0NND0DNDND0N0000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
03762 DODDDDDDDNDNNDNDNN0N0D0N0000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAABAAAAAAAAAAA 
03876 QDDDD00000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
03990 DODD00000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
04104 DO0D00D0000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
04218 D000000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAADAAAAAA 
04332 DOD0000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAARAAARAARAARAAAAAARA 
04446 DD0D0DD00000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
04560 D00000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
04674 D0DD00000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
04788 OODD00D0000000N0N000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
04902 DODDDD00D00000N0NDNDNDNDN0N0000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAARA 
05016 DDDDD0D000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAARA 
05130 DODDDDD00D000000N000D0ND0000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAARABRAA 
05244 D0DD0D000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAARAAARAAAAAAAAA 
05358 DDD000000000000000D000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
05472 ODDDDDDD00ND0ND00DND0ND00ND0ND00ND0N0000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAABRAABAARAARA 
05586 ODODDD0D00000ND0D0N0DN0DNDNDN0DN0000000000000 AAAAAAAAAAAAAAAAAAAARAAAAAAAAABAAAAARA 
05700 OODDDD0D0N0DNDNDNNNNNDNNDNNDONDNDO0N0000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
05814 DODDDDDDDNDNNDNNDNDNDNDONNDNDON0DN0000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
05928 DODD0D00000000ND00N00ND000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAA 
06042 DD0000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAABAAAAAAAAAAAAAAAA 
06156 DDDD0DD0000000D0NDND0ND0ND0000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
06270 DODDDDD0DD00NNNNNDNNDDDNDDDN0D00000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
06384 DD0000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
06498 DONDD000000000000000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
06612 ODDDDDD000ND0DNDND0DD0NDN0D0NN00D0D0N00000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
06726 DODDDD0DDD0DNDDNNDD0DNDNDDNNDDNDND00000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
06840 DODDDDDD0DDNDDDNDNDNDNDNDDNNDNDDND0N000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAADA 
06954 DODDDD0D0D00NNDN0NDNDNDNNDNNDNDONN00000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARA 
07068 DDDDD00000000N00N000000000000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARA 
07182 DDDDD0D00D0000000000000N00000000000000000 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
07296 000000000000000000000000000000000000000 


Ga SGS-THOMSON we) 
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Figure 8. OLMC/BLMC Example — Documentation File (continued) 


07374 ——H 
07452 ——H 
07530 
07608 
07686 
07764 
07842 
07920. ——_—_—____—_—_——__- 
07998 DO0DDDD000000000000000000000000000000000 
00t6 = —— 
LEGEND Single fuse 
L : active level low H : active level high 
A : active fuse not blown . : active fuse blown 
double fuse 
O : neither fuse blown - : both fuses blown 
L : first fuse blown H : second fuse blown 
A : generate » & propagate 
Chip Diagram 
| OLMC6001 | 
x—- |1 24|—-x Vec 
En, Pe SoZ Zo) 23% 0B 
Rst x--|3 22|—-x YO 
As Clk x--|4 2s pS 
Hold x--{5 20: ==x -¥2 
Out_EnO x—-|6 KO) ==x 3 
Out Enl x--|7 18|-—-x Y4 
7 x—- | 8 17|--x Y5 
g=H19 16) =x YRO 
eH | 10 15.) == YR 
bod se 14|-—-x 
GND x-—-|12 £3 [==x “OGL 
| | 
20/21 


138 


PROGRAMMING THE GAL6001S 


Figure 9. OLMC/BLMC Example — Input File for Simulation 


Name OLMC6001 - OLMC/BLMC GAL6001 Programming Example; 
Partnoe OLMC 6001; 

Date January 1992; 

Revision 00; 

Designer Ernesto; 

Company SGS-THOMSON Microelectronics; 


Assembly None; 
Location None; 
Device G6001; 


order: 
Oclk,%4,In_A,%4,In_B, 4,Rst, %3,Hold,%4,As Clk,%7,Out_En0,%7,Out_Enl1,%4,Y0,% 
Ze blpeeg Vly B25 Lop Coy LOY Oey LOY Oo; LRU, Soe RL 
vectors: 

smsg “”; 

smsg “ Oclk In A In B Rst Hold As Cik Out: En0 Out Eni: YO Y1 Y2 Y3 Y4 
V5 RO: YR"; 

Smsg at ae 
Smsg “”; 

O10001L1 KEKKKKEKK 

1100111 *****x*x*x 

OO0OO00011 ****xx*x*xx 

1100001 KAEKKKKKK 

O0101101 KAEKKKKEKK 

1101000 KEKKKKKK 

0001010 KREEKKKKK 

1001110 **x**x*x*x 

1100011 *****x*x*x 

0110011 KRAEKKKKEKK 

0100111 ******x*x 

1000001 KKEKKKKKK 

0100001 ***xxx*xx 

1100100 ***xx*x*xx 

0100110 *****x*x** 

LOOOOLO KKKKEKKKK 

OO00111L KEKKKKKK 

1000011 KKKKKKKK 

0100001 ***x*x*x*xx*x 

1100101 *****x*x*x 

0100001 ***xx*x*x*xx*x 


AAANANAAAAARAANAQAARAAAAAARAAAANQN 
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PROGRAMMING EXAMPLES 


The following examples demonstrate some typical 
application that can be implemented using 
GAL16V8 and GAL20V8. The ST-CUPL™ compiler 
is used for all the examples; a brief explanation of 
its syntax is reported below. 


THE ST-CUPL™ SYNTAX 


To describe syntax the following conventions are 
used: 


* angular brackets indicate a parameter that 
must be provided by the user; 


* a symbol in square brackets is optional, i.e. it 
may be stated or not; for example 


PIN <pin_n> = [!] <var_name>; 
means that you can write 


PIN 3 =r; 
or 
PIN 4 = !wr_en; 
File Header 


The header contains information useful for archive 
and documentation purposes; some of them are 
effectively interpreted by the compiler: 


¢« Name determines the name of the Jedec file 
generated by the compiler; 


¢ Partno specifies the contents of the User Elec- 
tronic Signature; 


* Device indicates the type of device in which the 
design will be physically implemented (G76V8 
for the GAL16V8 and G20V8 for the 
GAL20V8); the compiler automatically selects 
the correct configuration of the device, depend- 
ing on the specific application; itis also possible 
to force the configuration using as device 
names the followings: 

- G16V8S or G20V8S to configure the device 
in simple mode (smal/l mode); 

- GI6V8MA or G20V8MA to configure the 
device in complex mode (medium asyn- 
chronous mode); 

- G16V8MS or G20V8MS to configure the 
device in registered mode (medium syn- 
chronous mode); 

sometimes it is useful to force the configuration 
of the device in order to exploit some special 
features (see the “Eight Set-Reset Flip-Flops” 
example). 


Comments 


Comments are an important part of the logic de- 
scription file: they improve readability and are es- 


IS GS-THOM 
S/ | SGS-THOMSON 
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sential for documentation purposes (e.g. for sub- 
sequent modifications and maintenance of the de- 
sign). Every text enclosed between the “/*” and the 
“7” symbols is considered as acomment and there- 
fore is completely ignored by the compiler. 


Number Format 


The default base in ST-CUPL™ for all numbers is 
hexadecimal, except for pin numbers and indexed 
variables that are always decimal. Different bases 
can be used by preceding the numbers with a prefix 
(chosen among those listed in table below). 


=7G0PL™ Fist 
[—eray | 2 fe 
ow fe fe 
[—onsnar [of 


For example: 
’b’1101 
is a binary number equivalent to the decimal 13. 


Preprocessor Commands 

There are several preprocessor commands avail- 
able in ST-CUPL™; these commands operate be- 
fore the file is passed to the compiler, and include 
macro definition capabilities, conditional compila- 
tion, file inclusion and others. 


The only preprocessor command used in the 
examples is $DEFINE, which has the following 
format: 


$DEFINE <argi> <arge> 


where <argi> is a variable name or an ASCII 
character while <argz>is a valid operator, a number 
or a variable name. For instance: 


$DEFINE ON ’b’1. 


will replace every occurrence of the string ON with 
the text ’b’7. 


List Notation 


Variables can be grouped using the list notation, in 
the form: 


[<vari>,<Vare2>, ...,.<Valk>, <varX>..<varY>] 


where <var> is any variable name, while 
<varX>..<varY> are indexed variables, i.e. vari- 
ables ending with a number; an example of a valid 
list is 

[a0..2,a5,a8,a10..13,a16] 
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that is equivalent to 
[a0,al,a2,a5,a8,a10,a11,a12,a13,a16] 
Of course, in the case of lists, square brackets do 


not indicate optional parameters, but are part of the 
notation. 


Bit Field Declaration 
A bit field declaration assigns a single variable 
name to a group of bits, using the format: 
FIELD <var> = [<var1>,<vara>,...,<Valk>, 
<varX>..<varY>]; 


where <var> is any valid variable name, while in 
square brackets is enclosed a group of variable in 
the list notation. 
For example: 

FIELD addr = [a0..3,a7,a9]; 
is a legal bit field declaration. 


The variable name assigned to a group of bits can 
then be used in any expression; the operation 
specified in the expression is applied to each bit in 
the group. 


Pin Declaration 


Pin declaration statements declare the pin 
numbers and assign to them symbolic names. The 
format of a pin declaration statement is: 


PIN <pin_n> =[!] <var_name>; 
where <pin_n> is a valid pin number, while 
<var_name> is any legal variable designator. 


Pin numbers can be grouped using the list notation; 
for instance: 


PIN [12..10] = [q2..0]; 


is a valid statement, that assigns to pins 10, 11 
and 12 respectively the names gO, q1 and 2. 


Logic Operators 


The table below reports the logic operators — in 
order of precedence (from highest to lowest) — 
that can be used to write equations; the pre- 
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cedence may be changed by grouping sub-ex- 
pressions within parentheses. 


eo 
ee 
ee ee 
ee ee 


Equality Operator 
The equality operator in ST-CUPL™ is represented 
by a colon; the format is 
<var>:<constant>; 
where <var> is a list of variables or a bit field 


variable, while <constant> is a number (hexadeci- 
mal by default). 


The equality operator checks for bit equality and 
evaluates to a single Boolean value. 


Alternatively this operator can work on a constant 
field constituted by a range of values instead of a 
single number. The format is as follows 

<var>: [<constantiow>..<constanthigh>]; 
The operators evaluates to true if <var> is a value 
comprised in the constant range indicated. For 
example: 

sel = address: [C..F]; 
causes Se’ to be true if address is C, D, E or F and 
is equivalent to the expression 

sel = address:C # address:D # address:E # 

address:F; 


that uses the equality operator with single number 
constant field. 


Extensions 


Extensions are added to a variable name in the 
form 


<Var>.<ext> 


and can be used to configure the Output Logic 
Macrocells. The extensions that can be used with 


the GAL16V8 and GAL20V8 are reported in the 


below table. 


| op | tet Data input of D-type register 
Output enable signal 


Using the extension “.D”, will configure automat- 
ically the corresponding OLMC as registered. 


State Machine Syntax 


The ST-CUPL™ syntax allows the user to describe 
the state machine diagram in a high level notation 
which is automatically translated by the compiler 
into a series of logic equations. 


The general ST-CUPL™ notation to express the 
transitions of a state machine is the following: 


SEQUENCE <state_vars_list> 


PRESENT <state1> <statementi1>; 
<Statementi2>; 


<statementix>: 
PRESENT <state2> <statemente1>; 
<statementzo>; 


<statementz>; 


PRESENT <staten> <statementn1>; 
<Statementn2>; 


<Statementnn>; 


} 


where <State_vars_list> is a list of variables that 
keep the state of the machine, <state,> is a value 
of that variables and <statementmn> specifies the 
next state and the value of the outputs. 


There are many different types of statement that 
permit the specification of conditional or uncondi- 
tional transitions and the implementation of both 
Mealy and Moore machines (in a Moore machine 
the outputs depend only on the present state while 
in a Mealy machine they depend both on the pres- 
ent state and on the current value of the inputs). 


The simpler statement is the unconditional transi- 
tion: 


NEXT <state>; 


indicating that the next state is <statej> inde- 
pendently from the current value of inputs. 
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If you want to specify conditional transition the 
syntax is: 


IF <condi> NEXT <state7>,; 
IF <cond2> NEXT <stateo>; 


IF <condn> NEXT <sSstatén>; 
[DEFAULT NEXT <statem>;] 


where <cond,> is any valid logic expression, de- 
pending both on external inputs and/or current 
state; the optional DEFAULT statement specifies a 
next state <statem> which is reached if all the 
previous conditions fail. 


All the above listed statements can be followed by 
the expression: 


OUT [!]<var1> OUT [!]<vare> ... 
OUT [!]<varn>; 


where <var> is a variable name associated with an 
output pin. In this case you are implementing a 
Moore machine, because the outputs are syn- 
chronous. 


If you omit the NEXT section of the statement 
adding the OUT part, you will obtain asynchronous 
outputs, resulting in a Mealy machine. 


Documentation File Format 


The ST-CUPL™ compiler can generate a do- 
cumentation file containing various information 
about the implementation of the design. 


The first part of this file consist of a listing of the 
expanded product terms, i.e. the sum of product 
form of the original design. Infact, every application 
must be expressed in_this form before it can be 
implemented in a GAL” device; this listing give an 
idea of the final physical form of the implementa- 
tion. 


The compiler accomplishes the job of translating 
the high level notation (complex equations, state 
machine, etc.) in the sum of product form and 
possibly minimize the equations using several al- 
gorithms. 


Then a symbol table is reported, that contains all 
the variables used and some statistics on their 
physical implementation. 


The documentation file also comprehends a fuse 
plot, that shows the memory map that will be written 
into the device. This plot is a more readable form 
of the Jedec file, used by the physical programmer 
to program the device. 


Assuming that a “0” (zero) in the Jedec file means 
that the corresponding memory cell in the device is 
programmed (i.e. the connection is made) and that 
a “1” (one) means that the cell is not programmed 
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(i.e. there is no connection), the corresponding 
symbols in the fuse plot are: 


Fuse Plot Symbol Jedec File Bits 
(a ener eee 
re Se ee eee 


The first row in the fuse plot shows the SYN and 
ACO bits (and the corresponding memory ad- 


dresses) that are used to configure the whole de- 
vice. 


After follow eight sections (one for each output pin) 
containing: 


* the pin number; 


¢ the corresponding polarity bit (preceded by its 
memory address); 


* the AC1 bit (with the memory address) that 
configures the specific OLMC; 


* eight rows that represent the product terms 
feeding into the OLMC; each row begins with 
a number, representing the memory address of 
the first cell in the product term: the address of 
the other cell can be simply obtained adding to 
this number the cardinal position of the cell in 
the row. 


Finally is reported a chip diagram, showing the 
name of each input and output pin. 


Simulation File Format 
The logic simulator included in the ST-CUPL™ 
package accepts as input an ASCII file composed 
by: 
¢ the same header contained in the source file; 
¢ an ORDER statement in which the signals 
involved in the simulation are declared (in the 
correct order); 


¢a VECTORS section that specifies the inputs 
and outputs signal values; this part can contain 
optional $MSG directives that indicate some 
strings to be included in the simulation output. 
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Input signals value must be specified with the 
following symbols: 


rn 
ae 


Clock input high, low, high 
Preload internal registers 


Output signals can be tested using the following 
symbols: 


pk | Testoutputtow 
pH | Testoutputhigh 
2 meena 


Don’t care value, the output value is 
undefined (it may be high or low) 


lf a preload operation is performed — indicating 
a “P” on the clock input — then output values must 
be specified (i.e. forced) using “O” and “1” instead 
of “L” and “H”. 

If the simulator finds that some values do not 
match, the user is alerted and both the expected 
and the actual values are specified. 

It is also possible to specify asterisks (“*”) instead 
of output test values. In this case the simulator will 
calculate the output test values. 

Moreover, the waveform simulation output can be 
automatically obtained. 


The $REPEAT directive, expressed in the form: 
$REPEAT <n> 
where <n> is a decimal value, can be used — in 


conjunction with asterisks as output values — to 
repeat n times the same input vector. 


This directive is particularly useful when testing 
counters and state transitions. 


Simple Gates Example 


This example shows how ST-CUPL™ can imple- 
ment a design containing simple gates; the design 
schematic is reported in Figure 1. 


Figure 1. Simple Gates — Design Schematic 
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Figure 2 shows the source file, in Figure 3 are 
reported the simulation results, while Figures 4 
and 5 contain respectively the documentation file 
generated by ST-CUPL™ and the input file for the 
simulator. ° 


Ey S&S-THOMSO 
IF MGRORLECTROMECS 


Nl 5/57 


147 


PROGRAMMING EXAMPLES 


Figure 2. Simple Gates — Source Code 


Name 


Partno 


Revision 


Date 


Designer 


Company 


Location 


Assembly 


Devi 


ce 


Gates; 


CA0001; 


0.0% 


None; 


G. Woolhiser; 


Logical Devices, 


None; 
None; 
G16V8; 


AS share 


[RRR KKK KKK KKK KKK KKK KK KKK KKK KKK KKK KKK KK KK KAR RK RK RRR RK RK KK KK KK KK KKK / 


/* 
/* 
/* 
/* 


compiles simple gates. 


This is a example to demonstrate how ST-CUPL 


=f 
we 
oul 
ua 


[RR KKK RK KK KK RK KK RK KR KK RK KKK RK KK KKK KK KK KKK KK KK KKK KK KKK / 


/* 


Target Device: G16V8 


a7 


[RR KK KKK KK KKK KK RK KK KK KK RK RK KK KKK RK KK KK KKK KKK KK KK KK KKK KKK / 


examples of simple gates expressed in ST-CUPL */ 


/*. Inpucs : 

Pin l= A; 

Pin 2 = Bs 

/* Outputs: 

Pin. AZ = PavAs 

Pin 13 = InvB; 

Pin 14 = And; 

Pin 15 = Nand; 

Pay “16. = Or: 

Pir 17 = Nor; 

Pain 12 =] Xor?s 

Pin 19 = Xnor; 

/*® Logic: 

InvA = !A; 

InvB = !B; 

And =A & B; 

Nand = !(A & B); 

Or = A # B; 

Nor =. 4 (A # B) , 

Xor =A S B; 

xnor = ! (A S B); 
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/* 
/* 
/* 
/* 
/* 
/* 
/* 
/* 


define inputs to build simple gates from */ 


define outputs as active HI levels */ 


Inverters */ 


Inverters */ 
And gate */ 


Nand g 
OF? Gar 


ate *7 
e */ 


Nor gate */ 


Exclusive Or gate */ 


Exclusive Nor gate */ 


ky 


SGS-THOMSON 
MICROELECTRONICS 
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Figure 3. Simple Gates — Simulation Results 


Simple Gates Simulation 


Inverters And Nand Or Nor Xor Xnor 

A UB IA 6IB A&B !(A & B) A#B !(A #B) ASB !(A S B) 
OOGA EO +20 H H L H L H L H 
QOOZe sO). “al H L L H H L H L 
0003: 1 O L ial L H H L H L 
0004: 1 1 L L H L H L L H 
OQ0S* 2 xX L X Xx X H L X X 
O006: X 1 x L x Xx H L x xX 
0007: O X H X L H X X X X 
OO008: xX 0 x H L H x x x Xx 
0009: X X X X X Xx X Xx Xx Xx 
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Figure 4. Simple Gates — Documentation File 
KEKE KKK KK KEK KKK KKK KKK KEK KKK RK KKK KEK KERR RK KKK KEK K KK KKK KKK RK KKK KEKE KKK KKKKKKKKEKKEKK 


Gates 
KEKE KKK KKK KKK KKK KKK KEKE KK KKK KKK KK KKK KKK KKK KKK KKK KEK KKK KKK KKK KKK KKK KKK KEKE EKEKKE 


CUPL 4.0a Serial# ST-17202000 
Device gl6v8s Library DLIB-h-200-9 
Created Tue Jan 7 12:00:00 1992 
Name Gates 

Partno CAO0O0O1 

Revision 00 

Date None 

Designer G. Woolhiser 

Company Logiregal Devices;,: Inc. 
Assembly None 

Location None 


Hi 
5 
a 
bd 
lI 


Nand 


Zz 
O 
K 
wp il 
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Figure 4. Simple Gates — Documentation File (continued) 


Xor = 
A & !B 
# IA & B 
Symbol Table 
Pin Variable Pterms Max Min 
Pol Name Ext Pan Type Used Pterms Level 
A 1 V - a = 
And 14 V 1 8 1 
B 2 V = = ai 
InvA LZ V a 8 1 
InvB PS V als 8 sa 
Nand Ls V 1 8 1 
Nor pe V 2 8 a 
Or 16 V Z 8 1 
XNOL 1:9 V Z 8 1 
Xor 18 V 2 8 1 
LEGEND Fos field D : default variable M : extended node 
N : node I : intermediate variable f*:. EMnGCion 
V : variable X : extended variable U : undefined 


Syn 02192 - AcO 02193 x 


Pin #19 02048 Pol x 02120 Acl x 

00000: | 

00032 x—x 

00004 XxXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXX 
00096 xxxxxxxXxXXXXXXXXXXRXKXXRXKKXKKKK 
00128 xxxXxXXXXXXXXXXXXXXXXXXXXXXXXXXXKXX 
00160 xxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXX 
00192 xxxXXXXXXXXXXXXXXXXXXXXXXXXXXKXKKXX 


00224 xxxXxXXXXXXXXXXKXXXXRKXXXXKXXKXKXKXXKXXKXX 


9/57 
fy7 SGS-THOMSON / 

SF PIGROELECTRONICGS 
151 


PROGRAMMING EXAMPLES 


Figure 4. Simple Gates — Documentation File (continued) 


Pin #18 02049 Pol - 02121 Acl x 
00256 -xx—————______—__- 
00288 x-x 
00320 xxxXXXXXXXXXXXXXXXXXXXXXKXKKXXXKXXXXK 
00352 xxxXxXXXXXXXXXXXXXXXXXXXXKXXXKXXXXX 
00384 xxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
00416 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXKXXXX 
00448 xxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
00480 xxxxxxXXXXXXXXXXXXXXXXXXKXXKXXXXXXX 
Pin #17 02050 Pol x 02122 Acl x 
03.2, SS 
(0544. 3 
00576 xXXXXXXXXXXXXXXXXXXKXKXKXKXKXKXKXKXKXXXXXX 
00608 xXxXxXXXXXKXXXXXXXXXXXXXXXXKXXXXXXXKXX 
00640 xxXxXxXXXXXXXXXXXXXXXXKXKXXXXXXXXXXXX 
00672 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
@) @) 7 0 4 XXXXXXXXXXXXXXKXXXKXKXXKXXXKXKXKXKXKXKKKK 
00736 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
Pin 416. 02051) Polk = -02122 Acti «x 
00168. SS 
00800 x————_____—___ 
00832 xxxXXXXXKXXXXXXXXXXXKXXXXXXXXXXXXKXX 
00864 xxXxXXXXXXXXXXXXXKXXXKXKXKXKXKXKXKXKXKXXXXKXX 
00896 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
00928 xxXxxxXXXXXXXXXXXXXXXXXXXKXKXXXXKXXKXK 
00960 xxxxXXXXXXXXXXXXXXXXXXXXXKXKXXXXXKX 
00992 xxxXXXXXXXXXXXKXXXXXXXXKXKXKXKXKXXKXXXXX 
Pin #15 02052 Pol x 02124 Acl x 
01024 x-x———————_- 
01056 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXX 
O1088 xxXxXXXXXXXXXXXXKXXXXXXXXKXKXKXKXKXKXXXXX 
O1120 xxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
01152 xxxxxXXXXXXXXXXXXXXXXKXKXKXKXKXKXKXKXKXKXX 
01184 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXX 
01216 xxxxXXXXXXXXXXXXXXXKXKXKXKXKXKXXKXKXKXKXKXKXX 
01248 xxxxXXXXXXXXXXXXXXXXXXXXXKXXXKXKXXX 
Pin #14 02053 Pol - 02125 Acl x 
01260 = 
01312 xxxxxxxXxXxXxXXXXXXXXXXKXKXKXKXKXKXXKXXKXXXX 
01344 xxxxXxXXXXXXXXXXXXXXXXXXXXXXXXXKXKXX 
01376 xxXxXxXXXXXXXXXXXXXXXXXXXXKXKXKXKXKXKXKXKXK 
01408 xxxxXxXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
01440 xxxxxxXxXXXXXXXXXXXXKXXXXXKXXKXKXXXKXXX 
O1472 xXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


01504 xxxxxXXXXXXXXXXXKXKXXXXKXKXXKXXKXKXKXKXKX 
10/57 
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Figure 4. Simple Gates — Documentation File (continued) 


Pin #13 
01536 
01568 
01600 
01632 
01664 
01696 
01728 
01760 

Pin #12 
01792 
01824 
01856 
01888 
01920 
01952 
01984 
02016 


LEGEND 


02054 Pol - 02126 Acl x 
= 
XXXXXXXXXXXXXXXKXKXKXKXKXKXKXKXKXXXXXXKXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXKXXXKXX 
XXXXXXXXXXXKXKXXXXKXKXXXKXKXXXXXXKXKXKXKXX 
XXXXXXXXXXXXXXXXXKXKXXXXXXXXXXXXKX 
XXXXXXXXXXXXXXXXXXXXXXKXXXXKXXXXXX 
XXXXXXKXXXXXKXXXXXKXKXKXXXXKXKXXXKXKXKXKKXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

02055 Pol - 02127 Acl x 
<i 
XXXXXXXXXXXXXXXXXKXKXXXXKXKXXXXKXKXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXX 
XXXXXXXXXXXKXXXKXKXKXXXKXKXKXKXKXXKXXXXXKXX 
XXXXXXXXXXXXXXXXKXXXXXKXKXKXKXKXXKXXKXX 
XXXXXXXXXXXXXXXXXXXKXXKXKXXXXXXXXXX 
XXXXXXXXKXXXXXXXXXXXXXXXXXXXKXKKKX 
XXXXXXXXXXXXXXXXXXXXXXKXKXKXKXKXXXXXX 


X : fuse not blown 
- : fuse blown 


PROGRAMMING EXAMPLES 


__ Oe S8-THOMS 
ST NGROELECTRON 


| Gates 
A x--|1l 
Box = [2 
b coat te. 
x—- | 4 
x——'|.5 
RH 16 
x= (7 
x—-|8 
x—=||'9 
GND x= | 1.0 


20° |—=% 
AS Dee? 4 
18|—-x 
i os Neer? 2 
16|-—-x 
Loox 
14|--~x 
LS =x 
1.2 Sx 
AO eae 


ON 
ICS 


Vcc 
xXnor 
XOX 
Nor 
Or 
Nand 
And 
InvB 
InvA 
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Figure 5. Simple Gates — Input File for Simulation 


Name Gates; 

Partno CAO0001; 

Revision 00; 

Date None; 

Designer G. Woolhiser; 

Company Logical Devices, Inc.; 
Location None; 

Assembly None; 

Device G16V8; 


[RKKK KKK KKK RK KK KK KKK KK KK KKK KK KKK KK KK KKK KKK AK KKK KKK KKK KKK KKK KKK KKK / 


as a} 
i This is a example to demonstrate how ST-CUPL as 
/* compiles simple gates. */ 
/* a? 
[RRR KKK KEK KKK KK AK KKK RK KKK RK RK KKK RK RK KKK RK KK KK KK KK RK KK KKK / 
[* Target Device: G16V8 zy 


[RRR KK KKKKKK KKK KKK KKK KK KK KK KKK KK RK KK RK RK KK KKK KK KK KK KK KKK KK KK KK KKK / 


/* Order: define order, polarity, and output 
* spacing of stimulus and response values */ 


Order: A, %2, B, %4, InvA, %3, InvB, %5, And, %8, Nand, %7, Or, %8, Nor, %7, Xor, %8, Xnor; 


/* Vectors: define stimulus and response values, with header 

* and intermediate messages for the simulator listing. */ 
Vectors: 

Smsg make 

Smsg “ Simple Gates Simulation”; 

Smsg pai 

Smsg “ Inverters And Nand Or Nor Xor xno 

Smsg “ AB !A !B A&B !(A&B) AFB !(A#B) ASB !(ASB)"; 
smsg “ = = - — —S >= ————- SS ———_ ——__ ——"; 


00 HHLHLHLH 
O01 HLLHHLHL 
10 LHLHHLHL 
11 LLHLHLLH 
1X LXXXHLXX 
X1 XLXXHLXX 
OX HXLHXXXX 
XO XHLHXXXX 
XX XXXXXKARX 
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Two-Bit Counter Example 
In this example four different ways to implementa __ lation results, Figure 8 contains the documentation 
two-bit counter using D-type registers are shown. file and finally in Figure 9 there is the input file for 
The flip-flops are clocked on the rising edge of the = the ST-CUPL™ simulator. 


clock signal. 


Figurue 6. Two-Bit Counter — Source Code 


Name 
Paxrtno 
Revision 
Date 
Designer 
Company 
Location 
Assembly 
Device 


Flops; 

CA0002; 

00; 

None; 

G. Woolhiser; 
Logical Devices, 
None; 

None; 

G16V8; 


PROGRAMMING EXAMPLES 


Figure 6 reports the source file, Figure 7 the simu- 


Hal cuee 


[RK KRK KKK RK RK RK KKK RK RK KR KK KR KK RK RK KKK KKK KK RK KKK KKK KK EK KK KK KKK / 


/x 
/* 
x 
/* 
/ x 
/* 
fe clo 
/* 
/[* 
/* 
/* 
/* 


Bi. 
This example demonstrates the use of D-type flip-flops, */ 
and flexibilty of expression with ST-CUPL. The ay, 
following are four implementations of a two bit af 
counter, which use the following timing diagram. x / 
nar 
Ck al | | | | | | | | a 
af 
qQ | | | | [ ay 
i § 
ql | | | wy 
td 


[RKKKKKKKKKKKKKK RRR KK KKK KKK KK KKK KK KK KK RR RK RK KK KK KK KK KK KK RK RK RK / 


Target Device: G16V8 


[RR KKKKKKKKKKKK KKK KKK KKK KKK KK KKK RK KK KR KK RK KKK KK KKK RK KK RK KKK KK / 


/* 


Pin 1 
Pin 2 
Pin 11 = 


/* Outpu 


Pin 19 = 
Pin 18 = 
Pin 17 = 
Pin 16 = 
Pin 15 = 


Glock: 
reset; 


'enable; 


ts: 


qa0; 
gals 
qb0; 
gpl; 
geo; 


my 


define outputs and output active levels */ 


SGS-THOMSON 
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Figure 6. Two-Bit Counter — Source Code (continued) 


Pin 14 = qel; 
Pin 13 = qd0; 
Pin 12 = qdl; 


/* Logic: examples of two-bit counters using D-type flip-flops */ 


/* Two-bit counter example no. 1 */ 


/* Using software emulated exclusive or’s */ 


qa0.d = !reset & !qa0; 
qal.d = !reset & (qal $ qa0); 


/* Two-bit counter example no. 2 */ 


/* Using expanded exclusive or’s */ 


qb0.d 'reset & (!qb0O & !qbl 
# !qbO & qbl); 


gb1.d = !reset & (!qb0 & qbl 


# qgbO & !qbl); 


/* Two-bit counter example no. 3 */ 


/* Using bit fields on the right hand side of the equals sign */ 


field state = [qcl,qc0]; 
qcO0.d = !reset & (state:0 # state:2); 
qcl.d = !reset & (state:1 # state:2); 


/* Two-bit counter example no. 4 */ 


/* Using bit fields on the left hand side of the equals sign */ 
field q = [qd0,qd1]; 


q.d = !reset & ([!qd0,qd1] & [!qdl1, !qd0] 
# [!qd0,!qdl1] & [qdl,qd0]); 


Gi SGS-THOMSON 
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Figure 7. Two-Bit Counter — Simulation Results 


counterA counterB counterC counterD 

clock 'enable reset qQ ql gO" >, qQ. gt qOQ- qi 
Reset to Zero 
OOOL *C 0 1 L L L L L L L L 
O002Z4 Ce 0 0 H L H L H L H L 
0003: C 0 0 L H L H L H L H 
0004: C 0 0 H H H H H H H H 
0005: C 0 0) L L L L L L L L 
Register Preload 
0006: P 0 X 1 1 1 0 9) 1 0) 0 
0007: O 0 0 H H H L L H L L 
O00 S55. 0 0 L L L H H H H L 
0009: Cc 0 0 H L H H L L L H 
00102 oc 0 0 L H L L H L H H 
OO <C 0 0 H H H L L H L L 
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Figure 8. Two-Bit Counter — Documentation File 


KAEKKKKKKEKRK KEK KKK KK KKK KKK KKK KKK KKKK KKK KK KK KKK KKK KKK KKK KKK KKK KKK KKKKKKEKKKKK 


Flops 


KEKKKKKKKKEK KKK KKK KKK KKK KE KKKKKR KK KK KKK KKK KKK KKK KKK KKK KKK KKK KK KK KKKKKKKKKKEKSE 


CUPL 4.0a Serial# ST-17202000 
Device gl6v8ms Library DLIB-h-200-11 
Created Tue Jan 7 12:00:00 1992 
Name Flops 

Partno CA0002 

Revision 00 

Date None 

Designer G. Woolhiser 

Company Logical Devices, Inc. 
Assembly None 

Location None 


© ian 

gqd0-,. qd 
gqa0.d = 

'gaQ0 & !reset 
gal.d = 


gqa0O & !gqal & !reset 
# !'qa0 & gal & !reset 


qb0.d = 
'qb0 & !reset 


gqbl.d = 
qbO & !qbl & !reset 
# !qbO & gqbl & ! reset 


qc0O.d = 
'qc0 & !reset 


gqcl.d = 
'qcO0 & qcl & !reset 
# qcO & !qcel & ! reset 
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Figure 8. Two-Bit Counter — Documentation File (continued) 


qd0.d = 
'qdO0 & !reset 


qdl.d = 
gqdQ & !qdl & !reset 
# !qdO & qdl & !reset 


state = 
Gol. 4 “Geo 
Symbol Table 
Pin Variable Pterms Max Min 
Pol Name Ext Pin Type Used Pterms Level 
clock 1 V = oa a 
! enable fal V - - ~ 
gq 0 F = - - 
qa0 19 V - - - 
qa0 d 19 Xx iL 8 il 
gal 18 V - _ - 
gal d 18 X 2 8 1 
qb0 La V - - - 
qb0 d ne X 1 8 HE 
fologil 16 V - - - 
qb1 d 16 Xx 2 8 1 
qc0 15 V oa - - 
qc0 d iD X i 8 i 
qcel 14 V - - — 
qcl d 14 X 2 8 a 
qd0 13 V - - - 
qdo d 13 Xx 1 8 i 
qdal 12 V - - - 
qdl d 12 X 2 8 1 
reset Z V = = = 
state 0 F = = = 
LEGEND F : field D : default variable M : extended node 
N : node I : intermediate variable T : function 
V : variable X : extended variable U : undefined 


i SGS-THOMSON 
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Figure 8. Two-Bit Counter — Documentation File (continued) 


Syn 02192 x AcO 02193 = 


Pin #19 02048 Pol - 02120 Acl x 
00000 -x-x 
00032 xxxxXXXXXXXXXXXXXXXXXXXXXXXXKXXXXK 
00064 xxxxXxXXXXXXXXXXXXXXXXXXXXXKXXXXXXX 
O0096 xxxXxKXXXXXXXXXXXXXXXXXKXXXKXXKXXKXKXKXX 
00128 xxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
00160 xxxXXKXXXXXXXXXXKXXXXXXXXXXXKXKXKXXXX 
00192 xxxxXxXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
00224 xxXXXXXXXXXXXXXXXXXXXXXXXXKXKXKXXXX 

Pin #18 02049 Pol - 02121 Acl x 
00256 -xx—x 
00283. =x=—x—— 
00320 xxxXXXXXXXXXXXXXXXXXXXKXXXXXXXXXX 
00352 xXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKX 
00384 xxxXXXXXXXXXXXXXXXKXXXXXXXXKXXXXKX 
00416 xxxxxXXXXXXXXXXXXXXXXXXXXXKXXKXXXXX 
00448 xxxxxXxXxxXXXXXXXXXXXXXXXXXXXXXXXXX 
00480 xxxxXXXXXXXXXXXXXXXXXXXXXXKXXXXKXXX 

Pin #17 02050 Pol - 02122 Acl x 
00512 -x 
00544 xxxxxxxXXXXXXXXXXXXXXXXKXKXXXXXKXXKXX 


TA 


00576 XXXXXXXXXXXXXXXXXKXKXXXXXKXKXKXKXKXXKXX 
00608 xxxxxXxXXXXXXXXXXXXXXKXXXXXXXKXXKXK 
00640 xxxXXXXXXXXXXXXXXKXXXXXXXKXKXKXKXKXKXXX 
00672 xxXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
OO0704 xxxxXXXXXXXXXXXXXXKXXXXXKXKXKXXXXXKXKXX 
00736 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
Pin #16 02051 Pol - 02123 Acl x 
00768 -x 
00800 -x 
00832 xxxXXXXXXXXXXXXXXXXXXXXXXXXXXXKX 


x_X 


O0O864 xxxxxxXXXXXXXXXXXXXXXXXXXXKXXXXKXXX 
O0896 xxxxXxXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
00928 xxxxXXxXXXXXXXXXXXXXXXXXXKXXXKXXKXKXX 
O0O960 xXxXxxXXXXXXXXXXXXXXXXXXXKXXXXXKXXKXXX 
00992 xxxxxXxXXXXXXXXXXXXXXXXXKXXXKXXKXXX 
Pin #15 02052 Pol - 02124 Acl x 

01024 -x———_- x——_ 

O1056 xXxxXXXXXXXXXXXXXXXKXXXXXXXXXXXXKX 
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Figure 8. Two-Bit Counter — Documentation File (continued) 


01088 
01120 
OL LS2 
01184 
01216 
01248 


Pin #14 


01280 
01312 
01344 
01376 
01408 
01440 
01472 
01504 


Pin #13 


01536 
01568 
01600 
01632 
01664 
01696 
01728 
01760 


Pin #12 


01792 
01824 
01856 
01888 
01920 
01952 
01984 
02016 


LEGEND 


RXXXXKRKRXXKXKRRAKAKXXKXKKXKKXKXKXKKXRKKXKXKKK 
XRXXXXXKXKXKXKKKKAKAXKKXKXXKXKKRKXKXKKKXKXKXKKX 
RXXXXKXKXXXKXKXKKXAKKKXKXKKXKXKXKXKKKKXKX 
ARAXAARARKRKRKRKXKXKARAKRAKKKRKXKRARARRAKARAKRKKK 
AXXXAXRXKXKXKKRKAKRKKKKKKAXRKKXXKXKKKXKXKKXKXX 
RAAXRRXXKRKXKRKKRXKXKRAKKXKKXKKRKXKKRKXRXKXKXKXKKKX 


02053 Pol - 02125 Acl x 


“<-————— kk 


TROT Re 
RXARARARAXAKKKKAARKRKRKXKXKXKXKKXKXKXKKKXXAXXKAKRX 
RARKRARARKRKXKXKXKXKAXXKXXKXKXXXKXKKXXXXKXXX 
RXXARARARXARAKRKXAKAAXRRAXKKRKXKAKKXKXKAXKXKKX 
ARAARARAKRARKRAKAKKAKAKARKKKARKRKRKRKXKKKKXX 
XRXXXRXKXKXKXXXXXXAXXKXXXXXKXXXXXKXXXXXX 
AXXXKKKXKXKXKXKXKXXXXXXXXKRXKXKXKXKXXXXXXX 
02054 -Pol =. “O2Z1L26. -Acl x 

= x 

ARXRARXRKXKKKXAXXXXRKXKKKXKXXKXKXKXXKKXXXXKX 
RXXXXKXXXKXKXXKXKXXXXXKXKXXXXXXXXXXXXX 
RXXKXXKXKXKKXXXKXXXKXXKXXXKXXKXXKXXKXKXKXXKX 
ARXARKARKRAAKARARKARKXAXKAXKKXKRKXXKXXKXKKXKX 
ARARARXRKRAKRRRKKRKARKKKXKAKARARKXAKKXXXXX 
RXRRAXARKKXKKRARKRARKXKKRKRKXKXKXKXXKRAXAXKXKXKXKK 


RXXKXXKXAKRKRKXRARKXAXKRKRKXXXAKXRKRKKRKXAKRKXKAR 


02055. Pol. = O2127 -Acl: x 
ee oo 
= XX - 


XRXAXARARKRARKARKAKXXKKAKKXRKKXARAKAARKXAKKARAKAR 
ARARARARKARKRAKRAAKRKRARKAKXKAKRAAKAKKARARAR 
ARRARKKXKAARKXKRKRKXKXXAXRAKAKRKKRARARKXKXKXKAX 
XXXXXXKXKXKXKXKXKXKXXXXXRXRKXXKXKXKXKXKXKXKXKXX 
RXKXKXARAXAKKRARKXKKXAKARKRKARKKARKKXAKARAKAKAX 


ARRARARARKXKAKRAKRARKRKRARKRAKAKRARARRKAKKK 


X : fuse not blown 


- : fuse blown 
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Figure 8. Two-Bit Counter — Documentation File (continued) 


| Flops | 
ClOCK ==) |) 20 |=== Veo 
reset x—-|2 19|-—-x gad 
P, Saal LB (==x- gat: 
x—-|4 6 a eer ee 1310 
> aaa (eS) 6 |==x gb1 
x==|[-6 I | =r CO 
> Saeed BE TA pS=x- gol 
x—-|8 LS Hae sa 
x= | 9 LZ ==x ~qdi 
GND x—-|10 1l1l|—-x !enable 


—— 


Figure 9. Two-Bit Counter — Input File for Simulation 


Name F1lLOpS; 

Partno CA0002; 

Revision O07 

Date None; 

Designer G. Woolhiser; 

Company Logical Devices, Inc.; 
Location None; 

Assembly None; 

Device G16V8; 


[KKK KKK KKK RR KKK KK KK RR KKK KKK KKK KKK KKK KK KK KKK KKK KKK KKK KKK KKK KKK KK / 


fe a 
/* This example demonstrates the use of D-type flip-flops, */ 
/* and flexibilty of expression with ST-CUPL. The * / 
has following are four implementations of a two bit asf 
[* counter, which use the following timing diagram. * / 
es oy 
es clock ast | | | | | | | | x 
im sy 
rhs q0 | | | | foe | 
i Ae 
fe ql ee | bs ey 
ae if 


[RKKKKKKKKKKKKKKKKKKKKKKKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKK KKK KKK KKK / 


/* Target Devices: G16V8 #7 
[ROR IORI IK ROR IO IO ROR IO IO IO OR IO AOR IO I OR OR OK OK AOR IO RK / 
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Figure 9. Two-Bit Counter — Input File for Simulation (continued) 


Order: clock, %8, !enable, %8, reset, %6, qa0, %3, gal, %6, qb0O, 
33 ¢ “Gol; “S6;.-GC0; 63, ~GCly. 26,;.:qd0; 23, .qdl; 

Vectors: 

smsg “”; 

Smsg ™ counterA counterB counterC counterD”; 

smsg “ clock !enable reset q0 ql qo- «qi gd ql GO: “ql "3 

Smsg = = —_— 95s —- Ss ———_-_- ——__ ——"; 

smsg ‘”; 

Smsg “Reset to Zero”; 

smsg “”; 

c01 LLLLLLLL 

Srepeat 4; 

COQ K*KKKKKKK 

Smsg “”; 

Smsg “Register Preload”; 

Smsg “”; 


pOx 11100100 


O00 KkKKKKK 


Srepeat 4; 
COQ KKKKKKKK 


k57 S&S-THOMSON 
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Decade Up/Down Counter Example 


This example describes a four-bit decade up/down 
counter with synchronous clear capacity and asyn- 
chronous carry output for cascading multiple de- 
vices; the state diagram is reported in Figure 10. 


The input signal dir determines the direction of the 
counter: when dir is high the counter goes down, 
while when dir is low it goes up. 


The bit field mode is used to combine the cir and 
dir inputs; the following equations 


up = mode:0; 
down = mode:1; 
clear = mode:[2..3]; 


define three different variables: 
* up is true when both dir and cir are low; 
¢ down is true when dir is high and clris low; 


¢ clear is true when ciris high regardless of the 
value of dir. 


Then these three signals are used in the definition 
of the state machine transitions: the code obtained 
in this way is certainly easily readable and main- 
tainable. 


The source file is contained in Figure 11, Figure 12 
shows the simulation results, while Figure 13 and 
Figure 14 hold respectively the documentation file 
and the input file for the simulator. 


Figure 10. Decade Up/Down Counter — State Diagram 


Clear 
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Figure 11. Decade Up/Down Counter — Source Code 


Name 
Partno 
Date 
Revision 
Designer 
Company 
Assembly 
Location 


Device 


Count10; 
CA0018; 
None; 
00; 
Kahl; 


Logical’ Devices, 


None; 
None; 
G16V8; 


Inc.-3 


[RRR KKK KK KK KKK KK KKK KKK KKK KKK KKK KKK KKK KKK KK KK KKK KKK KK RK KR KK KKK KKK / 


/* 


/* Decade Counter 


/* 


/* This is a 4-bit up/down decade counter with synchronous 


/* clear capability. 


An asynchronous ripple carry output is 


/* provided for cascading multiple devices. 
/* ST-CUPL state machine syntax is used. 


[RKKKKKKKKKKKEKKKK KKK KKK KK RK KKK KKK KKK KK KKK KK KK RK KK KKK RK KK KK RK KK KK / 


/* Allowable Target Device Types 


GAL16V8 


*/ 
xy 
ay 
aed 
es 
ai 
ay 


a 


[RKKKKKKKKK KKK KKK KKK KK KK KKK KKK KK KKK RK KK RK OK RK RK KKK OK KK KKK RK / 


LAs TIapucse:. -F%/ 


pin 1 
pin 2 
pat 3 
pin 11 


= clk; 
=- Clr: 
= dir; 


= !oe; 


fee “OOLDUTS: —*F)/ 


pin [14..17] = [03.. 


pin 18 = 


Cc 


arry; 


/* Counter clock 
/* Counter clear input 
/* Counter direction input 


/* Register output enable 


/* Counter outputs 
/* Ripple carry out 


/** Declarations and Intermediate Variable Definitions **/ 


field count = [0Q3..0 


Sdefine 
Sdefine 
Sdefine 
Sdefine 
Sdefine 
Sdefine 
Sdefine 
Sdefine 


SO 
SL 
52 
S3 
S4 
So 
56 
so? 


hp 0000 
"b’ 0001 
"b’ 0010 
“pe OOLL 
‘pb 0100 
io ies Od Oi 
“bi OLLO 
hi Sue al ale 


]; 


/* declare counter bit field */ 


/* define counter states */ 


nd 
ue 
aa 
>i) 


= 
“ys 
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PROGRAMMING EXAMPLES 


Figure 11. Decade Up/Down Counter — Source Code (continued) 


Sdefine S8 
Sdefine S9 


field mode 


up = mode:0; 


down = 


clear = 


mode:1; 
mode: [2. 


ip" 1.000 
“DLO 


eder dias 


soy 


/**k Logic Equations **/ 


sequence count { 


present 


present 


present 


present 


present 


present 


present 


present 


DIrSesenc 


present 


S0 


Sl 


S2 


S53 


S4 


So 


56 


S7 


S58 


S9 


up 
down 
clear 
down 
up 
down 
clear 
up 
down 
clear 
up 
down 
clear 
up 
down 
clear 
up 
down 
clear 
up 
down 
clear 
up 
down 
clear 
up 
down 
clear 
up 
down 


clear 
up 


/* declare mode control field */ 
/* define count up mode */ 

/* define count down mode */ 

/* define count clear mode */ 


/* free running counter */ 


next Sl; 
next S9; 
next SO; 
out carry; 
next S2; 
next SO; 
next SOQ; 
next S3; 
next Sl; 
next SO; 
next 84; 
next. -S2; 
next SO; 
next: SS; 
next $3; 
next SO; 
next S6; 
next S4; 
next S0; 
next S7; 
next S5; 
next SO; 
next S8; 
next S6; 
next SO; 
next S9; 
next S7; 
next 60; 
next SOQ; 
next S8; 
next SO; 
out carry; /* assert carry output */ 


PROGRAMMING EXAMPLES 


Figure 12. Decade Up/Down Counter — Simulation Results 


Simulation Results 


clr dir ‘hoe 903° “O02 (Ol - 00. carry 


clk 


G 


0001: 


0002: 


C 
C 


0003: 
0004: 


C 
C 
C 
C 
C 
C 
C 
C 
C 
6 
C 


QO003 
0006: 


0007: 


0008: 
0009: 


OOL0s 


O07 1 


0012: 
0013: 
0014: 


0015: 
0016: 


C 
C 
g 
g 


OO17: 


0018: 


GO1g: 


0020: 
0021: 


0022: 
0023: 


C 
C 


0024: 
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PROGRAMMING EXAMPLES 


Figure 13. Decade Up/Down Counter — Documentation File 


KKEKKEKKEKKEKKKKKEKK KKK KEK KKK KR KKK KE KKKKK KKK KKK KKK KKK KKK KKK KK KKKKKKKEKKEKEKKKKKKKEKSE 


Count10 


KEKEKEKKKKKKKKKKEKKKKKK KKK KKK KK KEK K KK KKK KKK KKK KK KKK KKK KKK KEK KK KK KKKKEKKKKKKEKKKE 


CUPL 4.0a Serial# ST-17202000 
Device glo6ov8ms Library DLIB-h-200-11 
Created Tue Jan 7 12:00:00 1992 
Name Count10 

Partno CA0018 

Revision 00 

Date None 

Designer Kahl 

Company Logical Devices, Inc. 
Assembly None 

Location None 


00d: -= 
(O00: &- POL *& 'O2 © 03 & tely 
#t 100 &: FOS & Yelxr 


Ql.d = 
'900 & !01 & !02 & QO3 & !clr & dir 


#00 & 'Q1 & '03 & !clr & !dir 

# !Q00 & Q1 & !Q03 & !clr & !dir 

# Q0 &€ Q1 & !03 & !clr & dir 

# !Q00 & !01 & QO2 & !103 & !clr & dir 
O2.d = 

'00 & !Q01 & !Q02 & Q3 & !clr & dir 

# Q0 & Q1 & !Q02 & !Q3 & !clr & !dir 

# 101 & O2:& 103 @ lelr & 'tdir 

# QO & O2 & !'103 & !elr & dir 

# !'00 & QO1 & QO2 & !'03 & !clr 
Q3.dad = 


00 & !O01 & !02 & QO3 & !clr & dir 
# !'00 & !Q1 & !02 & !03 & !clr & dir 
# 00 & O1 & O2 & !03 & !clr & !dir 
#. TOO: i 1Ol  & 102.6 O32) & Wel -& Lave 
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Figure 13. Decade Up/Down Counter — Documentation File (continued) - 


carry = 
100 & !Q1 &€ !'02 & !03 & !clr & dir 
# Q0 &€ !'Q1 & !02 &€ QO3 & !clr & !dir 


clear = 
clr 


down = 
Lede dir 


mode = 
Clin 3. dar 


up = 
lelr & !dir 

carry.oe = 
i. 

Symbol Table 

Pin Variable Pterms Max Min 

Pol Name Ext 1s Bt Type Used Pterms Level 
Q0 17 V - - - 
Q0 d 17 X Z 8 L 
Ql 16 V = = = 
Ql d 16 X S 8 ZL 
Q2 ie: V = = = 
O2 d 15 X s. 8 1 
3 14 V a = 
O3 d 14 X 4 8 1 
carry 18 V Z ad 1 
clear 0 I 1 = = 
clk 1 V a = = 
clr 2 V = = = 
count 0 EF “= = = 
dir 3 V = = = 
down 0 I i = = 

27/57 
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Figure 13. Decade Up/Down Counter — Documentation File (continued) 


mode 0 
! oe 11 
up 0 


OH << 
| 
| 
| 


carry oe LS 


LEGEND E * field D : default variable M: extended node 
N : node I : intermediate variable T = function 
V : variable X : extended variable U : undefined 


Syn 02192 x AcO 02193 - 


Pin #19 02048 Pol x 02120 Aci - 
OO0000 xxxxxxXXXXXXXXXXXKXXKXXXXXXXXXXXXX 
00032 xXxxXXXXXXXXXXXXXXXXXXXXXXXXXXXKXK 
00064 xxxxxxxXXXXXXXXXXXXXXKXXXXXKXKXKXXKK 
O0096 XxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
O0128 xxxxxxxxXXXXXXXXXXXXXXKXXXXXXXXKXXX 
001600 xxxXxXxXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
00192 xxxxxXXXXXXXXXXXXXXXKXXXXXKXXXXXXKX 
00224 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

Pin #18 02049 Pol - 02121 Acl - 
00256 


00288 -x—x——x—--—x—-——-xX—--xX 


00320 -x—-x—x—x—--x—-x 7 
00352 xXxXxxXXXXXXXXXXXXXXXXXKXXXXXXXXXXKX 
00384 xxxxxXXXXXXXXXXXXXXXXXXXXKXXXXXXXX 
00416 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
00448 xxxxXXXXXXXXXXXXXXXXXXXKXKXKXKXKXKXKXKXXX 
00480 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

Pin #17 02050 Pol - 02122 Acl x 
OOD 1 x 
00544 -x 


00576 xXxXXXXXXXXXXXXXXXXXXKXKXKXXXKXKXXKXKXKXKX 


=KeeK Saks 


-xX -xX 
O0608 xxxxXXXXXXXXXXXXXXKXXKXKXKKXKXKXKXKXKXKXKXKXX 
O0640 xxxxXXXXXXXXXXXXXXXXXKXXXXXXXKKXKX 
00672 xXXXXXXXXXXXXXKXXXXKXKXXKXKXKXXKXKXKXKXKKXX 
OO0704 XXXXXXXXXXXXXXKXKXXKXKKKXKXXKXKXXKXKXKKKXK 


00736 XXXXXXXXXXXXXXXXXXXKXKXKXXXKXKXKXKXKXKXXX 
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Figure 13. Decade Up/Down Counter — Documentation File (continued) 


Pin #16 
00768 
00800 
00832 
00864 
00896 
00928 
00960 
00992 

Pin #15 
01024 
01056 
01088 
OL120 
OLLSZ 
01184 
01216 
01248 

Pin #14 
01280 
01312 
01344 
01376 
01408 
01440 
01472 
01504 

Pin #13 
01536 
01568 
01600 
01632 
01664 
01696 
01728 
01760 

Pin #12 
01792 
01824 
01856 
01888 
01920 
01952 


02051 Pol - 02123 Acl x 
oP Sar cman cane aaa = 
Sk 
at cara ceca Cam x 
a? me? cree? meen? 5 X 
“i 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKX 


RRXXXXXKXKXXKXXXKXKXXXKXKXXXXXXXXKXXKXXX 


XXXXXAXKXKXXKXKKKKKKXXKKXXKXXXKXKXXXXXXX 


02052 Pol - 02124 Acl x 
—X—X——- XX XX - 
-—X—--X—xX—- X—x-- X 


a? Some? =< kk 
nk 
oe =K at 


ARAXARRAKARKARARKRXAKXRKAKRKXKKXKKKKXKX 
AXXXXXKXXXKXKXKXXXXXXXXXXXXXXXXXKKXXX 


XXXXXKXXAKXRKXXARKRKXXXKXXXXXXXXKXXXKXKX 


02053 Pol - 02125 Acl x 
ae, ares coca cee oe a = 
ee ee 

Sho kk ke 


Sa SR AH = 

AXXXXXKXKXXKXXXXKXXXXXXXXXXXXXKXXXKXK 
ARXARARAKKXXKXAKKXXXKXKXXXKKXXKXXKKXKKXKKXX 
RXXXXXKXXXKXXKXXXXKXXXXXXXXKXXXKKKXKK 
RAAXAKRKAAKRKXAXAXXXKXKXXKKXKXXKXXKXXKKXKXK 

02054 Pol x 02126 Aci - 
RAXAXRXRKRAKXKXXKXXKXXKKXKXKXKXKXXXXKXXKKXK 
AXXRAXXKXKKXRXXXKKKKXKXKXXXXKKXKXXXXKKX 
AXXXXKXXKXKXXKXXKXXXXXKXXXXXXKXKXXKXXXX 
AXAXAXAXXXXXKXXKKXKXKXKRKXKXKXXXKXXKXXKXXKXKXKXXX 
RXAXXRRXXXXXXKXXXXXKXXXXXXXXXXXXXXX 
RARKXARRKRKKXKXKXKXKXKXXXXKXAXAXAKXKRKRKXXXXKXX 
RXEXAXKAXKRKXXXKXXKXXXXXXXXXKXXKXXXKXKXXKXKX 
AAXRAAXAAARARKRKXXKRRAKRKKXKXKKXKXRKXKKKARKKXKRKKKX 
02055 Pol x “O2i27 ‘Acl = 

ARARARRARAKRAKRKAKKKKKAKAXRAXRRKKKKRXA 
AXRAXARAARKXKXRXXRAKRKXKXKKXAKXKKXXKRAKRXKKKXKXXXKX 
RARARARAXXRARAKRKKKXRAKAXRRKXKXKAXAKRKKRKKKX 
RRXAXXARKRKXKXKKKRXKXKXKXKXKXKXKRXXXKXXKXKKKXXKXKX 
XXXXAXKXAXAXXXKXXXKXXXXKRXKXXKXKXXXXKXXXKK 


AARARARAARKARARARKRKKXKAKAAKARXRARXARKKKXAKA 
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Figure 13. Decade Up/Down Counter — Documentation File (continued) 


01984 xxxxKXXXXXXXXXXXXXXXKXXXKXKXXKXXXKXKXXKX 


O2016 xXxXXXXXXXXXXXXXXXXXXXXKXXKXXKXKXXKXKXX 


LEGEND X : fuse not blown 
~ : fuse blown 


| Count10 | 

GLK x= [2 20'|—=x% Vee 

elr x=—=]2 Lo | Sx 

dir x-—-|3 18|-—-x carry 
g=— 4 by | —=x 00 
x-—-]|5 16|—-x Q1 
x= [6 Lo Ha O02 
x—-|7 LA |—=x -O3 
x—-|8 Ls (Sas 
x—- | 9 L? |= 

GND x—-|10 i. ase. hoe 


Figure 14. Decade Up/Down Counter — Input File for Simulation 


Name Count10; 
Partno CA0018; 
Date None; 


Revision 00; 

Designer Kahl; 

Company Logical Devices, Inc.; 
Assembly None; 

Location None; 

Device G16V8; 


[RKKKKKKKKKKKKKKKK KKK KKK KKK KKK KKK KKK KKK KK KKK KKKKKKKKKKKK KKK KKK KKK / 


/* ay 
/* Decade Counter x / 
/* * / 


[RR KKK K KKK KK KKK KKK KKK KKK KKK KKK KR KK KK KK KK RK KK KKK KR KK KKK KK KK KKK / 


ORDER: Sl, ¢clk,24,cly, 34, dir, 24,106; 53703,53, 02; 33,01; 93,00; 35; carry: 
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Figure 14. Decade Up/Down Counter — Input File for Simulation (continued) 


VECTORS: 


Smsg 
Smsg 
Smsg 
Smsg 


CP C2 OC aC HE Oe WY CO CR a Oe OD a eG ETE 2 


clk 


100 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
010 
010 
010 
010 
010 
010 
010 
010 
010 
010 
001 
000 
100 


Ales 


LLLL 
LLLH 
LLHL 
LLHH 
LHLL 
LHLH 
LHHL 
LHHH 
HLLL 
HLLH 
LLLL 
HLLH 
HLLL 
LHHH 
LHHL 
LHLH 
LHLL 
LLHH 
LLHL 
LLLH 
LLLL 
L222 
LLHL 
LLLL 


ba OS Soe fete ore be Se it se ES Ee Oc ee et ES Se be ey, ce ube UE es 


loe Q3 


”. 


/* 
/* 
/* 
/* 
/* 
/* 
/* 
/* 
/* 
/* 
/* 
/* 
/x 
/* 
/* 
/* 
[x 
/* 
/x* 
/* 
/* 
/* 
/* 
/* 


ka SGS-THOMSON 
SF MIGROLECTROMICS 


02: “Ol --O0: carry”: 
synchronous clear to state 0 */ 
count up to state 1 x / 
count up to state 2 * / 
count up to state 3 * / 
count up to state 4 aor A 
count up to state 5 */ 
count up to state 6 * / 
count up to state 7 x / 
count up to state 8 * / 
COURT Up to State. &9 carry “/ 
count up to state 0 * / 
count down to state 9 a 
count down to state 8 oar) 
count down to state 7 a 
count down to state 6 x / 
count down to state 5 * / 
count down to state 4 x / 
count down to state 3 * / 
count down to state 2 * / 
count down to state 1 * / 
count down to state 0 - carry*/ 
test tri-state * 
count up to state 2 * / 


synchronous clear to state 0 */ 
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Seven-Segment Display Decoder Example 


This is an example of implementing a decoder that 
accepts as input an hexadecimal digit and gener- 
ates seven signals able to control a seven-segment 
display driver. The design incorporates both a 
ripple-blanking input to inhibit the display of leading 
zeros and a ripple-blanking output for easy cascad- 
ing of digits. 

The signals that drive the display are grouped in 
the bit field segment, the equation for segment is 
written as a logical sum of several lines in the form: 


[<Sta>, <Stb>, <Stc>, <Sld>, <Ste>, <Stp, 
<Stg>] & data:<n> 
where <sfk> is the status of the corresponding 
segment (i.e. ON or OFF, respectively binary 1 or 


0), while <n>is a hexadecimal digit; the display of 
all possible digits is shown in Figure 15. 

When data is equal to <n>, then segmentassumes 
the value of the bits contained in the list. The 
expression for zero is ANDed with the negation of 
the input signal rb/: zeros are displayed only if rbi 
is low. 

The ripple-blanking output signal is generated by 
the equation: 


rbo = rbi & data:0; 
so rbo is high only if rb/ is high (i.e. the display of 
leading zeros is inhibited) and the digit is a zero. 


Figures 16 through 19 contain source file, simula- 
tion results, documentation file and the input file for 
the simulator. 


Figure 15. Seven-Segment Display Decoder — Display of all possible Digits 


) | 
— 
X74 
j 
_—’ 
[ | 
FN 
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Figure 16. Seven-Segment Display Decoder — Source Code 


Name Hexdisp; 

Partno CA0007; 

Date None; 

Revision 00; 

Designer T.. Kahl; 

Company Logical Devices, Inc.; 
Assembly None; 

Location None; 

Device G16V8; 


[RKKKKKKKKKKKK KKK KKK KKK KK KK KK KKK KKK RK KK KR RK KK KK KK KK KR KK KK KKK KK KK / 


/* This is a hexadecimal-to-seven-segment a 

/* decoder capable of driving common-annode ee 

/* LEDS. It incorporates both a ripple- | | 
/* blanking input (to inhibit displaying £ | |b 
/* leading zeroes) and a ripple-blanking | og: <j 
/* output to allow for easy cascading of == 

J*® digits. | | 
ia e | Jc 
[* | | 
[* —=- 

Le d 


ay 
=i 
ny 
aif 
ay 
es 
ay 
Si 
ay 
ays 
av 


[RKKKKKKKKRKKK KKK KK KKK KK KKK KKK KKK KKK RK KR RK KK KK KK KK KK KR KK KK KK / 


/* Allowable Target Device Types: G16V8 


ay 


[RK KKKKKKK KR KKK KKK KKK KKK KKK KK KK KKK KR KK KKK RRR KKK RK KK KK KK KKK KKK KKK / 


fE* Inpucs. F*7 


pin [2..5] = [D0O..3]); /* Data input lines to display 
pin 6. = tzbi; /* Ripple blanking input 


/** Outputs **/ 


pany [12,4187 
pin 19 


'[a,b,c,d,e,f,g]; /* Segment output lines 
'rbo; /* Ripple blanking output 


/** Declarations and Intermediate Variable Definitions **/ 


field data = [D3..0]; /* Hexadecimal input field 
field segment = [a,b,c,d,e,f,g];  /* Display segment field 


Sdefine ON ‘b’1l /* Segment LIT when logically “ON” 
Sdefine OFF ’b’0 /* Segment DARK when logically “OFF” 


- ft] 
ky7 SES THOMSON 


a 
we 


x] 
ue 


Raf: 
aig 


< 
Be 
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Figure 16. Seven-Segment Display Decoder — Source Code (continued) 


/** Logic Equations **/ 


/* a b Cc d e £ Ga 7 

segment = 

/* Q */ [ ON, ON, ON, ON, ON, ON, OFF] & data:0 & !rbi 
/* 1 */ # (OFF, ON, ON, OFF, OFF, OFF, OFF] & data:1 
fx 2% # [ ON, ON, OFF, ON, ON, OFF, ON] & data:2 
/* 3 */ # [ ON, ON, ON, ON, OFF, OFF, ON] & data:3 
/* 4 */ # (OFF, ON, ON, OFF, OFF, ON, ON] & data:4 
Pee Ry # [ ON, OFF, ON, ON, OFF, ON, ON] & data:5 
/* 6 */ # [ ON, OFF, ON, ON, ON, ON, ON] & data:6 
/* 7 */ # [ ON, ON, ON, OFF, OFF, OFF, OFF] & data:7 
/k 8 */ # (ON, ON, ON, ON, ON, ON, ON] & data:8 
/* 9 */ # [ ON, ON, ON, ON, OFF, ON, ON] & data:9 
/* BR */ # [ ON, ON, ON, OFF, ON, ON, ON] & data:A 
/* B */ # (OFF, OFF, ON, ON, ON, ON, ON] & data:B 
FECC ORS # [ ON, OFF, OFF, ON, ON, ON, OFF] & data:C 
came Baca # (OFF, ON, ON, ON, ON, OFF, ON] & data:D 
/* EB */ # (ON, OFF, OFF, ON, ON, ON, ON] & data:E 
/* F */ # [ ON, OFF, OFF, OFF, ON, ON, ON] & data:F; 


rbo = rbi & data:0; 
Figure 17. Seven-Segment Display Decoder — Simulation Results 


lyrbi D3 D2 Di DO: ta db to td te tf tq: Nebo 


0001: 
0002: 
0003: 
0004: 
0005: 
0006: 
0007; 
0008: 
0009: 
0010: 
00113 
OOL2 
OU LS: 
0014: 
0015s 
0016: 
OO17: 


9 Se 
PRPrPP rer PP OOOO O OCGA oO 
PrRPrRrRPOoODGdOCOOFrRrFRHRHrHRHROoOGaO”O 
PRPOOrFRrrFOOrRrHFROOrFRHOOaO 
POFrFOrFOrFOrRFROrFORORrROO 
Pere PP ee PPr bP Pentre eee 
meer eetereret PP ee PP) Pe) ee 
merenarrre fr rPererr wee wae 
FrrPrrPerPr terme e|) ee ee 
i ede EN EP tS ce SS. ee ute cfete aie sie: sila cade il ps 
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Figure 18. Seven-Segment Display Decoder — Documentation File 


KEKE KKK KKK KKK KK KEK KKK KKK KEKE KK KKK KKK KEK KKK KKK KKK KKK KEK KKK KKK KKK KKK KKK KKKKKEKKKE 


Hexdisp 


KERR KKK KKK KEKE KKK KEK KKK KKK KEKE KK KEK KEK KKK KK KKK KK KEKE KK KEK KEK KKK KR KEK KKK KEK KKKKKKEKE 
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CUPL 4.0a Serial# ST-17202000 
Device gl6év8s Library DLIB-h-200-9 
Created Thu Jan 7 12:00:00 1992 
Name Hexdisp 
Partno CA0007 
Revision 00 
Date None 
Designer Te all 
Company Logical Devices, Inc. 
Assembly None 
Location None 
Expanded Product Terms 
a= 
'DO & !D1 & !D2 & !D3 & !rbi 
# DO & Dl & D2 & D3 
# D1 & !D2 & !D3 
# DO & D2 & !D3 
# 'DO & Dl & D2 
# !D1 & !D2 & D3 
# !DO0 & Dl & !D2 & D3 
# !'DO & !D1l & D2 & D3 
— 
IDO & !D1 & !D2 & !'D3 & !rbi 
# DO & !D2 & !D3 
# !'DO & Di & !D2 
# !DO0 & !D1 & D2 & !D3 
# DO & !D1 & D2 & D3 
# DO & Dl & D2 & !D3 
# !D1 & !D2 & D3 
a 
'pDO & !D1l & !D2 & !D3 & !rbi 
# DO & !D2 & !D3 
# DO & !D1 & D2 & D3 
# !D2 & D3 
# D2 & !D3 
Ky7 FES OM Ses 
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Figure 18. Seven-Segment Display Decoder — Documentation File (continued) 


LDO.& DL & D2 .& TDS & treba 
'DO & !D1l & D2 & D3 

Dl & !D2 & !D3 

DO & !D1 & D2 

'DO & Dl & D2 

1Dl & !D2 & D3 

DO & Dl & !D2 & D3 


Sh 4k Sk Sk Sk Gk 


'DO & !D1 & !D2 & !D3 & !rbi 
'DO.-& Dil & DZ D3 

IDO Die FDS 

'DO & !D2 & D3 

DO & Dl & D3 

LD &. D2 & D3 


$e SE Sk Se SE 


IDO & !D1 & !D2 & !D3 & !rbi 
DO & Dl & D2 & D3 

IDl & D2 & !D3 

IDO & Dl & D2 

IDO & !D1l & D2 & D3 

ID2 & D3 


He 4 OE HEHE 


DO & D2 & D3 
D1 & !D2 

IDI. & D2 6 -1D3 
DO & Dl & D2 
IDl & !D2 & D3 


Se SF =F GE 
RQ 


roo.= 
IDO & !D1 & !D2 & !D3 & rbi 


segment 


Gi SGS-THOMSON 
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Figure 18. Seven-Segment Display Decoder — Documentation File (continued) 


Pin Variable Pterms Max Min 
Pol Name Ext Pin Type Used Pterms Level 

DO 2 V 7 = = 

D1 iS V = = 3 

D2 4 V * = = 

D3 5 V = = = 

foo a Ais V 8 8 a 
5 1.3 5 | 8 a 
L3G 14 V 5 8 1 

; d I V 7 8 1 
data 0 F = = as 

! oe 16 V 6 8 Ag 

f 6 £ 17 V 6 8 1 
fog 18 V 5 8 1 
Sea 6 V = cal = 

! rbo eS) V 1 8 1 
segment 0 ‘a = = = 

LEGEND ES Fiekd D : default variable M : extended node 
N : node I : intermediate variable LT: 3--funceion 
V : variable X : extended variable U : undefined 
Fuse Plot 


Syn 02192 - AcO 02193 x 


Pin #19 02048 Pol x 02120 Acl x 

00000) =x==2=—= x ke 

QO0032 XXXXXKXKXXXXXXXXXXXXKXKXXXKXXXXXKXXXXX 
O0064 xxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
O0096 xXxXXXXXXXXXXXXXXXXKXXXXKXXXKXXKXKXXXX 
QOO128 xXXXXXXXXXXXXXXXXXXXXXXKXXXXKXKXXX 
00160 xxXxXxXXXXXXXXXXXXXXXXXXXKXKXKXXKXKXKXXKXKX 
00192 XXxXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXX 


00224 xxxxXXNXXXXXKXXXXRXXKXRKXKXKKXKXKXKXXKKXMX 
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Figure 18. Seven-Segment Display Decoder — Documentation File (continued) 


Pin #18 02049 Pol x 02121 Acl x 
00296. — 
0028 6. -<—x—x 
DO320' k= k= x 
00352 -x-—x--x-————__—_—_———- 
00384 ===> 
00416 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
00448 xxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
00480 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
Pin #17. 02050 -Pol.x 02122 -Acl x 
00512 =s=<3—-—x—= x ——__—_— 
00544 x==xX=—x=- SS 
00s hs. = x= 
00608: =33—=2.—— 
00640 -x—-x—-x-—-x——___——_- 
00672 
00704 xxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


00736 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXKXX 
Pin #16 02051 Pol x 02123 Acl x 

0076S Sk= == 

00800) === Se 

O0832°-—x-—-x = 

00864 =.= 

00896 x—-x——-x——___—___-_ 

003238 = 


00960 xxxxXXXXXXXXXXXXXXXXXXKXXKXKXKXXKXXKXK 


O0992 xxXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXX 
Pin #15 02052 Pol x 02124 Acl x 

OL024 -=x=4xX=-k— = 

01056 -x—-x-—x--x————————_ 

01066) -—=—xK— x = 

01120 x—x-—x——_—__- 

01192 == 5 

OL1e4: —=5 == 

L226 

01248 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXX 
Pin #14 02053 Pol x 02125 Acl x 

01290" <x==x==5 == 


OLS12. x RSH x 
01344 x—x-x--x——_- 
01376 -— 
01408 x 


01440 xxxxxXxXXXXXXXKXXXKRKXKXXXXXXXKXKXXKXXKXK 
01472 xxxXXXXXXXXXXXXKXXXXXXXKXXXKXXXXXXX 


01504 xxxxxXxXXXXXXXXXXXXXKXXKXKXXXKXKKXKXKXXKXK 
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PROGRAMMING EXAMPLES 


Figure 18. Seven-Segment Display Decoder — Documentation File (continued) 


Pin #13 02054 Pol x 02126 Acl x 

01536 -x—-x—-x--x-x———_- 

OL SOG. Xx X—-X 

01600 -x—x——x 

01632 =3==xk=x— x 

01664 x—x—-x-—-x———__—__~ 

OLG96. <x Rs 

L268 = 

O1760 xxXxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
Pin #i2 02055 ‘Pollux: ~O2Z127> . ACL x 

OL 2 "S= == k= 

C2324. <== S 5 

C1336 ‘=k x 

OLS3 3. xX ——- x = 

02320: = 

Co) 2. = 

01984 -x—x—x-—x———__—_—__ 

02026. = ee 


LEGEND X : fuse not blown 
- : fuse blown 


| Hexdisp | 
> doctor (ee Z2)| == VEC 
DO x-—-|2 10: ease bo 
Di x--|3 LO eax LG 
D2 x--|4 Ly [See AE 
Do. x= 5 16|—-x !e 
l'rbi x—--|6 LS \e=x: td 
SH 17 LAS eC 
x—-|8 13|—-x !b 
x=——|o LZ. |e. ea 
GND x--|10 LAAHeS 
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Figure 19. Seven-Segment Display Decoder — Input File for Simulation 


Name 
Partno 
Date 
Revision 
Designer 
Company 
Assembly 
Location 
Device 


Hexdisp; 

CAO0007; 

None; 

O00; 

Py Kahnas 

Logical Devices, Inc.; 
None; 

None; 

G16V8; 


[RR KK RK KK KK KKK KKK KK KK KK KK KK KK KR KK RK KK RK KKK KK KK KKK KK KK KK / 


/* Allowable Target Device Types: G16V8 x / 


[RR KKK KKK KKK KKK KKK KKK KK KK KK KKK KKK RK KK KK KK KK RK KK KK / 


ORDER: 


lrbi.j{22; D3; 52; D2; $2,D1, 32; D0; 63). .a; o2y ly 624-1 eC, 625-10) 627.1 6, o2y 1432; 10,24; } DO; 


VECTORS : 


Smsg""; 
Smsg" 
Smsg" 
smsg""; 
0 


xxx eK KM KK KM KK KM KM KM KM FR 
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'rbi 


0000 
0000 
0001 
0010 
O01 
0100 
0101 
0110 
0111 
1000 
LOOL 
1010 
LOL 
1100 
LLL 
Ae ile 
es 


DS. D2 Di: DO. “ha: Mb: tie ta Ve SE tq: Lxrbo"; 


HHHHHHH L /* ripple blanking input, no segments lit */ 
LLLLLLH H /* display “O" */ 
HLLHHHH H /* display “1i" */ 
LLHLLHL H /* display “2" */ 
LLLLHHL H /* display “3 */ 
HLLHHLL H /* display “4" */ 
LHLLHLL H /*® display “5" */ 
LAGDLLLE H /* display “6" */ 
LLLHHHH H [* display °7" *7 
LiL tds H /* display “8 */ 
LLLLAGL H J* display “o"-*/ 
LLLAGLLL H /* display “A” */ 
HBDOULE H /* display “B” */ 
LHHLLLH H /* display “Ch */ 
HLLLLHL H /* display “D” */ 
LHHLLLL H /* display “EE” */ 
LHHHLLL H /* display “EP -*/ 


Memory Decoder Example 


This is an implementation of a memory decoder; 
the peculiar feature of the language utilised in this 
application is the equality operator used to check 


Figure 20. Memory Decoder — Source Code 


Name Mdecode; 

Partno i 

Revision 00; 

Date None; 

Designer You; 

Company Logical Devices, Inc.; 
Assembly Forgotten Memory; 
Location Ly 

Device G20V8; 


PROGRAMMING EXAMPLES 


the inclusion of a variable value in a range of 
constants. 


The corresponding files are reported in Figures 
from 20 to 23. 


[KKK KK KK KR KR KR KR KR KK KKK KK KK KK RK KK KK RR KKK KR KKK KK RK KKK KKK KKK KKK KKK KKK KKK KKK KK / 


/* This device generates the memory RAS signals and initiates the x] 
/* generation of CAS. It also enables the data bus transceiver for x / 
/* both the memory and I/O read cycles. 5 /; 
[RRR KK KKK KKK KKK KKK KK KKK KKK KKK KKK KKK KR KKK KR KKK KK KKK KKK KK KKK KKK KK KKK KK KKK KK KK / 
/* Allowable Target Device Types: GAL20V8 x] 


[KR KKKKKKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KK KKK KK KKK KKK KK KKK KK KKK / 


/** Inputs **/ 
pin 2 = !ioacc ; /* I/O cycle access of 
pin [3..6] =. (ALl9.<1G) % /* System addresses Al16 - A19 * / 
DL a = altloc ; /* Map RAM to 4000 thru 7FFFF * / 
pin 8 = !refcyc ; /* Memory refresh cycle x / 
pin [9,10] = ![memw,memr] ; /* Memory read & write strobes */ 
pin: Lt = 1i6r > /* I/O read strobe sa | 
pin 14 = raminh ; /* System RAM inhibit * / 
pin 23 = !memacc ; /* On-board memory access mY: 
/** Outputs **/ 
pin 15 = !casacc ; /* Enable CAS generation f- 
pin [16..19] = [rag O Pass) .+ /* RAM RAS signals ug id 
pin 20 = rdbuff ; /* Xceiver enable for reads te): 
/** Declarations and Intermediate Variable Definitions **/ 
field memaddr = [A19..16] ; 
memreq = memw # memr ; 
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Figure 20. Memory Decoder — Source Code (continued) 


memacc eqn = !raminh & !refcyc & (memaddr:[00000..3FFFF] & !altloc 
# memaddr:[40000..7FFFF] & altloc) ; 


/** Logic Equations **/ 


rasO = !raminh & memreq & !refcyc & (memaddr:[00000..0FFFF] & 
laltloc # memaddr:[(40000..4FFFF] & altloc) # refcyc ; 

rasl = !raminh & memreg & !refcyc & (memaddr:[10000..1FFFF] & 
!altloc # memaddr:[50000..5FFFF] & altloc) # refcyc ; 

ras2 = !raminh & memreq & !refcyc & (memaddr:[20000..2FFFF] & 
faltloc # memaddr: [60000..6FFFF] & altloc) # refcyc ; 

ras3 = !raminh & memreq & !refcyc & (memaddr:[30000..3FFFF] & 
l'altloc # memaddr:[70000..7FFFF] & altloc) # refcyc ; 

casacc = memreq & memacc_eqn ; 

rdbuff = memacc & memr # ioacc & ior ; 
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Figure 21. Memory Decoder — Simulation Results 


Lom: se Ja ae 

. 1e eal !!t#tadad 

Mim 2 -Osm. f it ore avs 
eeiaaocidlaaaaau 

dood, as Ee SINE 9G? SS 2s tS SS Se E 

9:26. F OG” wee Pees 2G pee. ~ 362 Se Oe ae 

BOO .Ps 20: SOU OPO: Ok Beds sO: Glee a Ve SA Sie Be dy 
0002: 0000 1023210 200 HHH LLH 
OOOSe 0°00 1. sO did. 22-9080 cA Seo ab. 
0004: 0:0 O01 2 O72 70 21.00 HHL A LL-H 
0005: 0010 O27120 100 HLHALIL 
O00Gs. <0. 0-2: 0: F-70000) O20 Be aH A Gs 
QO0Ts: OO ko Or ab Bo xO. a O50: iy Ae AT 
OO08e C8: O° Tt: 2 2 OT bt: 2.0.0 “GAL HL a 
OO09e OT 90 O° oO aed Oe EO CAS A cA 
OOD0% 10°00. 20 desde 0: 2 0. “ROB Ee: A 
OO dts Ord. OP dy Ode SO. SNOe sa) SER CH Ee BE 
OOd 25 0 de Qo ee “ab. SO: a. Ds BOD? “SE Os | ASE aie Ty A 
OO1S2 Oo Bod O, “Od ok AO) EO. SA oT a 
OOL4e Od bi OU Boe dO de ORT. 2A 
OOLSs Ode 2 OO eb he ed. ih. AA ne 
OOo Oe Ee aks ake Ska AOS ay ee ae Sa <i: SHE 2 ge 
OO e! eX ee, uw I. a As Or Tg Bolas a Bie 
QOLSs “Xk KOK. “hod a oe Oe 800 ae Te Se ES ds as 
OTs Oe Oe eQiiGis Sai ale Oe ae. ae WO. Ets AED BL. EEE ol 
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Figure 22. Memory Decoder — Documentation File 


KEKKEKKKRKEKEKEKRKKKKKK KKK KKKKKKKKKKK KKK KKK KKK KKK KKK KKK KK KKK KKK KKK KKKKKKKKKEKKKEKK 


Mdecode 
KEKE KK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KK KKK KKK KKK KKK KK KKK KEKEEKHK 


CUPL 4.0a Serial# ST-17202000 
Device g20v8as Library DLIB-h-200-1 
Created Tue Jan 7 12:00:00 1992 
Name Mdecode 

Partno 1 

Revision 00 

Date None 

Designer You 

Company Logical Devices, Inc. 
Assembly Forgotten Memory 
Location i 


casacc = 
A18 & !A19 & altloc & memw & !raminh & !refcyc 
# A18 & '!A19 & altloc & memr & !raminh & !refcyc 

# !A18 & !A19 & !altloc & memw & !raminh & !refcyc 

# !A18 & !A19 & !altloc & memr & !raminh & !refcyc 


memacc eqn = 
'A18 & !A19 & !altloc & !raminh & !refcyc 
# A1l8 & '!A19 & altloc & !raminh & !refcyc 


memaddr = 
Al9 , Als , Al7 , Al6 


memregq = 
memw 
# memr 
rasO = 
'Alo & !Al17 & !A18 & !A19 & !altloc & memw & !raminh & !refcyc 
# !A16 & !A17 & !A18 & !A19 & !altloc & memr & !raminh & !refcyc 
# !Al6 & !Al7 & Al8 & !A19 & altloc & memr & !raminh & !refcyc 
# !A16 & !A17 & A18 & !A19 & altloc & memw & !raminh & !refcyc 
# refcyc 
44/57 
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Figure 22. Memory Decoder — Documentation File (continued) 


rasl = 
Al6 & !Al7 & !A18 & !A19 & !altloc & memw & !raminh & !refcyc 
# Al6 & !A17 & !A18 & !A19 & !altloc & memr & !raminh & !refcyc 
# A16 & !Al7 & Al8 & !A19 & altloc & memr & !raminh & !refcyc 
# Al6 & !Al17 & A18 & !A19 & altloc & memw & !raminh & !refcyc 
# refcyc 
ras2 = 
'A16 & Al7 & !A18 & !A19 & !altloc & memw & !raminh & !refcyc 
# !'A16 & A1l7 & !A18 & !A19 & !altloc & memr & !raminh & !refcyc 
# !A16 & A1l7 & A18 & !A19 & altloc & memr & !raminh & !refcyc 
# 'A16 & Al7 & A18 & !A19 & altloc & memw & !raminh & !refcyc 
# refcyc 
ras3 = 
A1l6 & Al7 & !A18 & !A19 & !altloc & memw & !raminh & !refcyc 
# Al6 & A1l7 & !A18 & !A19 & !altloc & memr & !raminh & !refcyc 
# Al6 & Al7 & A1l8 & !A19 & altloc & memr & !raminh & !refcyc 
# Al6 & Al7 & A18 & !A19 & altloc & memw & !raminh & !refcyc 
# refcyc 
rdbuff = 
memacc & memr 
# ioacc & ior 
Symbol Table 
Pin Variable Pterms Max Min 
Pol Name Ext Pin Type Used Pterms Level 
Al6 6 V - - - 
Al7 5 V = = = 
A18 4 V - 7 - 
Al19 ) V - = = 
altloc 7 V = = = 
i ‘Casacc iS V 4 8 il 
! ioacc 2 V = = = 
b wor Atoll V = = = 
! memacc 25 V = = = 
memacc eqn 0 I 2 = = 
memaddr 0 E = = = 
!  memr 10 V = a = 
Ly S88;THOMSON — 
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Figure 22. Memory Decoder — Documentation File (continued) 


memreq 0 I 2 — - 
! memw 9 V - _ - 
raminh 14 V ~ - - 
f .ras0 16 V 5 8 1 
! rasl le V 5 8 a 
! ras2 18 V 5 8 ui 
! ras3 19 V 5 8 i 
rdbuff 20 V 2 8 1 
I wweteye 8 V = = = 
LEGEND Bs edd D : default variable M : extended node 

N : node I : intermediate variable T-4 -hunecre Lon 

V : variable X : extended variable U : undefined 
Fuse Plot 


Syn 02704 - AcO 02705 x 


Pin #22 02560 Pol x 02632 Acl - 
OO0O000 xxxxXXXXXXXXXXXXXXXXXKXKXXKXKXKXXXKKXXKKXKXKXKXXXKXK 
00040 xxxxXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXKXX 
OO0OO080 xxxxxxxXXXXXXXXXXXXXXXXKKXXXXXXXXKXKXKXKXKXKXXXX 
OO120 xxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
00160 xxxxxxXxXXXXXXXXXXXKXXXXXXKXKXKXXXXKXKXKXXXKXKXXX 
OO200 xxxXXXXXXXXXXXXXKXKXXXXXXXXKXXXKXXKXKKXKKXKXXXXXX 
00240 xxxxxXxXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXKXKXXXX 
00280 xxxxXXXXXXXXXXKXXXXKXKXKXKXXXXKXKXKXXKXKKXXXKKXXKXKXK 
Pin #21 02561 Pol x 02633 Acl = 
00320 xxXXXXXXXXXXXXXXXXXXKXXKXKXKXKXKXKXKXXKXXXXXXXXXXX 
00360 xxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXKXXXXXX 
O0400 xxxxXXXXXXXXXXXXXXXXXXXKXKXKXXXKXKXKXKXKXKXKXKXKXXKXXX 
00440 xxxxxxXXXXXXXXXXXXXXXXXXXXKXXXXXXXKXXXXXXXX 
00480 xxxxxxXxXXXXXXXXXXXXKXXXXKXXXXXXXXXXKXXXXXXXX 
00520 xxxXXKXXXXXXXXXXXXXXXXXXXXXKXXXKXXXXXXXXXXX 
00560 xxxxxXxXXXXXXXXXXXXXXXXXXXKXKXXXXXXKXXXKXXXXK 
OO0O600 xxXxXxXXxXXXXXXXXXXXXXXXKXKXXXKXXXXXXXXKXKXXXXXKXX 
Pin #20 02562 Pol - 02634 Acl x 
00640 ——-x——__- x 
00680) = 
OO720 xxxxxXXXXXXXXXXXXXXXXXXKXKXXKXKXKXXXKXKKXXKXKXKXKXKXK 
OO7600 XxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXKXXXX 


OO800 xxxxXXXXXXXXXXXXXXKXKXXKXKXXXKXKXKXXKXKXKXXKXKXKXKXKKXX 
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Figure 22. Memory Decoder — Documentation File (continued) 


00840 
00880 
00920 


Pin #19 


00960 
01000 
01040 
01080 
01120 
01160 
01200 
01240 


Pin #18 


01280 
01320 
01360 
01400 
01440 
01480 
01520 
01560 


Pin #17 


01600 
01640 
01680 
C1720 
01760 
01800 
01840 
01880 


Pin #16 


01920 
01960 
02000 
02040 
02080 
02120 
02160 
02200 


Pin #15 


02240 
02280 
02320 
02360 
02400 


AXRARARKRKRKXKXKXKXKXXKXKXKXKXKAKKKKKKXKKKKXKKKRKKKKKAX 
RXXXKXXXXXKXXKXXXKXKXXXXKXKXXXKXKXKRKXKXXXKXKKXKKKKX 


RARAARKKXKXKXKKXKXXXXXKXKRAKAKKRKKXKRKXKXKXKRKRKAKKRAKKAKAN 


02563 Pol x 02635 Acl x 
aan. cama? a? ance Sana Sate? rae) ee ae 
Sk < 
coum, oe? oan come? sia? cre ya Goa 
Sh SS 


xX 
ARXARAXKXKXAXXXXXXKXKXKXXKRKKXKKKXXKKRXKKKXXXKKKXKX 
RAXRKKXKXKXKKXKXKXXXAXAXKXKXXKXKKXKXXKXKXKXKKXXXKXXKXKRKXKKXXKX 
RARAARRKXXXXKXKAXKXXXXXKAXKAXRKRXXKXAKAXKXKXKKXKXKAKKXK 


02564 Pol x 02636 Acl x 
SKS 
—-X--X—-X—X—- XX X-xX—— 
—-X—X—-X——X—X—- Xx X-xX— 
—= = k= 


—X 
RARKXXXXKXRRXXKXXXKXXXXKKXXKKXXKXXXXXXXXKXKXKXXK 
XAAAXAXRKXXKXKXKXXXKXKXKXKKXXKXXXKXXKXXXXKXXXKXXKXXKXKXKX 


RARKXARRARKRKXAKRKXKKXXKXKRKXXKKXKKXXKKXXRXRKXKXXKKXX 


02565 Pol x 02637 Acl x 
—— XX XX KK KK 
—-X—--X—-X—xX—x—x X-X— 
—-X—X—X—-X—-X—--X <—x— 
—— XX X—-X—-- X-- X—- X— - x 


4 
RXARKXXKXXXKXKRKXKXXXXKXKXXKXXXKXKKXXXXXKXKXXXKXKXKXXX 
AXRKXRKAKRKXKXRKXXARRKXKKRXAXKKRXRAXAXKXXKXKXXXKXKXXKXX 


XRXXAXAXKRKXKAXRKXKXXAXXKXXXXXXKXXXXKKXKXKKXKKXKKXKKK 


02566 Pol x 02638 Acl x 
PSS ake SS SS 
Hkh ok > ae oes 
Se x-X— 
Sh ee 


TX 
XRRRKKXKRKKXXKKXXKXKXKKRKXKKRRKXKXKRAXKKRRAXKARARKRKARAKRK 
AXRRARKKXRKKXKXKXKKKXKARKXKXKRKKXAKRKRKKXKXKXKXKXKXKXKXKXKXKKKXKRKX 


XAAXRKAAKRAKARKXAKKKKRKRAXAAAKAARKAKRKRAKRRARARKKAKKAKAKA 


O2567 “Pols. 02639 Aelux 
se a? eg? ame, oom 
ee oa ac <a 
ks a 
Keak =k eS 


ARARARXKKKAKXKKKKAKKKRARKRKKRRRAKKKXKKXKXKKKKKKKAARKR 


es i SGS-THOM 
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PROGRAMMING EXAMPLES 


Figure 22. Memory Decoder — Documentation File (continued) 


O2440 xxxxXxXXXXXXXXXXXKKXXKXKXKXKXXKXKXXKKXKXKXKXKXKXKXKXKXKXKKX 
O2480 xXXXXXXXXXXXXXXKXXKXKXKXXXKXXKXKXKXKXKXXKXKXKXXKXKXKKXKXK 


02520 xxXxXXXXXXXXXXXXXXXKXKXXXKXKXKXKXKXKXKXKKXKXKXKXKXKXKXKKXK 


LEGEND X : fuse not blown 
- : fuse blown 


| Mdecode | 
bois (ee 24|—-x Vcc 
!io0acc x—-|2 23|—-x !memacc 
A1l9 x-—-|3 22|—-x 
Al8 x-—-|4 21 ax 
Al? s==15 20: ;==x, rabuEE 
Al6 x--|6 19|—-x !'ras3 
altloe x==(|7 18|-—-x !ras2 
(refocyo x== [3 17|—-x !rasl 
Imemw x—-|9 16|—-x !ras0 
'memr x—-|10 15|—-x !casacc 
lor. ses [i 14|—-x raminh 
GND x—-|12 13 |--x 


| | 


Figure 23. Memory Decoder — Input File for Simulation 


Name Mdecode; 

Partno Le 

Revision 00; 

Date None; 

Designer You; 

Company Logical Devices, Inc.; 
Assembly Forgotten Memory; 
Location 1; 

Device G20V8; 


[RKKKKKKKKK KKK KKK KKK KKK KKK KKK KKK KKK KK KK KKK KKK KK KK KR KKK KKK RK KKK KK KK KKK KKK / 


/* This device generates the memory RAS signals and initiates the * / 
/* generation of CAS. It also enables the data bus transceiver for */. 
/* both the memory and I/O read cycles. * / 


[KR KKK KKK KR KK KK KK KR KK KR KR KKK KK KKK KK KR KK KK RK KK KK KK KKK / 


/* Allowable Target Device Types: G20V8 Ay 


[RRR KR RK KKK KKK KK KKK RK KK RK KR KK KK KK KKK KK KK KK KKK KK KKK RK KR KK KK / 
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Figure 23. Memory Decoder — Input File for Simulation (continued) 


ORDER: 


VECTORS: 


“ 


Smsg 
Smsg 
Smsg 


OM mM OOO COC aOoOaaaoaaoaaaaaa fo 
Om KM FPrPrF PrP PrPrHP PrP OTC CACC CO CO oO 

O™M Me FrPErPOOOOFrFrRrFrRrFRrROOO Oo 
OM MM FPrFOOrFRrFOAaOrFRrFROOrFRFrFRAO 


Al9, %1, Al8g, 
Imemw, 1, 
lrefcyc, %1 
Vrasiay. aly 
AAAA 
te ae Ah 
O23 736 
Ue Ab dis a 90) 
103110 
0. 4d tab 0 
dim © Jaa ee ba © 
Op cde ts. ho 
de. We 2d HO) 
Od. A. ab 
103110 
02 Sh 28) 
Oy ke oh. 
@ =k 2k. 
i as © rapes en Das 8 
OF A Te 
1 Or ay 0 
Oe es ak eh 0 
1 Os 2. 20 
de de he Ae 
beds, ab 
$d 308 Qe 


FPOORPPPRPRP RP PRP HPP RP RPP HEP 


Sis 


Imemr, 


Al7, 


Gl, 


raminh, 


= 38 0 8 


a > Os Oe Oe OO OR On Ce OO One®) 


KB Oo 8 
KO F- 


!ras2, 


Or OF RF FPR PrFPrRPR ODO OOO 00 O&O 


idly 


Q Q ® O F- 


mb Bee oe se em Pe ee ee ee 
Mm Et ob am mm eo mn ee me no en ee ee ee 
pep GP Ga? Ge es ema ee a «eles oi SY Seg: Se SE JE SB oe 
mr se eS Se a oes ee ES 
© Oe 2a ee ee Sa OCG 
pa ie to eb ee 0 Sg ee Ee ES a 


61, Al6, 
EVOr, “ak, 
%1, altloc, 


'rasl, Sl, 


$2, 
lioacc, 
%2, 


!'ras0O, 


% 


% 


_ 
— 


Qaagess 0 8B 
QK QMO R 
YyroOrP Fs wo 
G: Or (Re och es 
Wn WM KK 
MH MY mM A 
on MM HK 
aanmnnoa 


= 
x 
“ee 


memory 
memory 
memory 
memory 
memory 
memory 
memory 
memory 
memory 
memory 
memory 
memory 
memory 
memory 
memory 
memory 
memory 
memory 
i/o re 


ky 3&8 ON 


-THOMS 
MIGROZLECUROMICS 


1, !memacc, %2, 


1, l’easacc; S41 rdabutt; 


OQOO00-OFFFF 
OOQO00-OFFFF 
LOOQQO-1LFFFF 
1O000-1FFFF 
Z2Z0000-2FFFF 
20000-2FFFF 
30000-3FFFF 
30000-3FFFF 
40000-4FFFF 
40000-4FFFF 
50000-5FFFF 
SQQ00-5FFFF 
60000-6FFFF 
60000-6F FFF 
wr 70000-7FFFF 
rd. J0000=7FEFr 
refresh cycle 


aa: 
af 
a A 
a 
are 
Ae 
ay. 
ay 
ee 
a7, 
ay: 
a 
ip 
Ry 
a] 
a A 
iy, 
ae A 
a 


access 
access 


wr 
rd 
wr 
rd 
wr 
7c 
wr 
Peel 
wr 
rd 
wr 
rd 
wr 


rd 


access 
access 
access 
access 
access 
access 
access 
access 
access 
access 
access 
access 
access 
access 


refresh cycle 
ad cycle 
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Eight Set-Reset Flip-Flops Example 


This example shows how to configure a GAL20V8 
in order to have eight feedbacks into the AND array 
in a device that does not use any macrocell as 
registered. 


For a GAL16V8, the original specifications indicate 
that it is possible to use the feedbacks from pins 12 
and 19 only if at least one macrocell is configured 
as registered. 


The reason for this limitation is that using the 
feedback from pin 19 forbids the use of pin 1 as an 
input: this fact is not relevant if at least one macro- 
cell is registered, because in this case pin 1 is the 
clock input. 


If no macrocell is configured as registered, pin 1 
could be used as an input, but in mutual exclusion 
with the feedback from pin 19: as shown in Fig- 
ure 24, the FMUX multiplexer of Output Logic Mac- 
rocell 19 route to the AND array either the signal 
coming from pin 1 or the feedback from pin 19. 
More precisely: 


¢ if SYN is 0 (registered mode) the feedback into 
the AND array is from the flip-flop (AC1(19)=0, 
registered output) or from the output pin 
(AC1(19)=1, combinatorial output); 


¢ if SYN is 1 (complex or simple mode) the signal 
coming from pin 1 is directed into the AND 
array. 


Actually, there is no reason to forbid the use of the 
feedback from pin 19 if pin 1 is not utilized as an 
input. 


So, it is possible to use the feedback from pin 19 if: 


* all the macrocell are combinatorial and pin 1 is 
not used, or 


¢ at least one macrocell is registered, so pin 1 is 
the clock input. 


A similar reasoning applies to pin 12 (in mutual 
exclusion with pin 11, used as global output enable 
of registered macrocells). 


The compiler does not accept a feedback from 
pin 19 (or pin 12) if all the macrocells are combina- 
torial, without controlling if pin 1 (or pin 11 respec- 
tively) is declared or not. 


The only way to force the compiler to accepts a 
feedback from pin 19 (or pin 12) also if no one 
macrocell is registered, is to force the device to be 
configured in registered mode, specifying 
G16V8MS as device type. Of course, in this case 
pin 1 (or pin 11) must be left unused. 


If the device is a GAL20V8 then the feedbacks 
forbidden are those from pins 15 and 22. 


Figures 25 to 28 contain the source file, the simu- 
lation results, the documentation file and the input 
file for simulation. 


Figure 24. GAL16V8AS Output Logic Macrocell Pin 19 


4 OE 


AC1(19) 
ACO 


AC1(19) 


Co 
= ; 1/0/Q(19) 


FROM AND ARRAY 


FEEDBACK 


AC1(19) 7 
CK OE 
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Figure 25. Eigth Set-Reset Flip-Flops — Source Code 


Name 
Partno 
Revision 
Date 
Designer 
Company 
Location 
Assembly 
Device 


/* Inputs */ 


Pin [2..9] = 
Pin. LO =-RST; 


Flop_SR; 

None; 

00; 

None; 

Ernesto; 

SGS-THOMSON Microelectronics; 
None; 

None; 

G20V8MS; 


ale; /* The Sx signal is the 
/* Common RESET for all 


SET of the flip-flop x */ 
flip=f£lops: */ 


/* Outputs - The Qx signal is the output of the flip-flop x */ 


Pie 223 ko 


OL. 8 } 2 


/* Logic equations implementing 8 SET-RESET flip-flops */ 


6) 4 WRST & Ole 81s 


S1 S2 
00014 --0 0 
0002: O 0 
0003% 0 af 
0004: 1 0 
0005: O 0 
0006: O AL 
UOOTs 0 0 
OO008: 1 ad 
UO093 0 0 
0010: 1 0 
QOU1: “0 0 
0012: 1 e 
0013: O 0 


S8 


Ororc@®*§jcreooreooork © 


RST Q1 Q2 O8 


FOoFrFOrFrFORrRPORrRPOOOFR 
ot ae ee. ee Ee eet ee EY 
et FEE et eS eee ee Et ie ce: IE ES 
bok SES: VES Ce ES ba Ee SEY Bl ee 
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Figure 27. Eigth Set-Reset Flip-Flops — Documentation File 


KKEKKKKKEKKKKKKK KKK KEK KKK KKK KKKKR KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KK KKKKKKKKKE 


Flop SR 
KREKKKKEKEKKK RK KK KKK KK KKK KK KKK KK KKK KKK KEK KKK KKK KEK KEK KK KKK KKK KKK KKK KKK KK KKKKKKKK 


CUPL 4.0a Serial# ST-17202000 
Device g20v8ms Library DLIB-h-200-3 
Created Tue Jan 7 12:00:00 1992 
Name Flop SR 

Partno None 

Revision 00 

Date None 

Designer Ernesto 

Company SGS-THOMSON Microelectronics 
Assembly None 

Location None 


# Ql & !RST 


# Q2 & !RST 


# Q3 & !RST 


# Q4 & !RST 


# O05 & !RST 


# QO6 & !RST 
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Figure 27. Eigth Set-Reset Flip-Flops — Documentation File (continued) 


Or = 


# O7 & !RST 


# 08 & !RST 


Ql.oe = 
at 
Q2.0e€ = 
1 
Q3.0e = 
1 
04.0e€ = 
‘lL 
OS0G <= 
1 
Q6.0e€ = 
1 
Q7.0e = 
ic 
Q8.0e = 
aD 
Symbol Table 
Pin Variable Pterms Max Min 
Pol Name Ext Pin Type Used Pterms Level 
Ol 22 V 2 7 al 
02 21 V 2 q 1 
Q3 20 V 2 yi 1 
04 19 V 2 7 1 
Q5 18 V zZ 7 1 
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Figure 27. Eigth Set-Reset Flip-Flops — Documentation File (continued) 


Q6 “a V 2 7 1 
OF 16 V 2 a ul 
08 15 V 2 } 1 
RST 10 V = - - 
SL 2 V - - - 
S2 3 V - - - 
S23 4 V = - - 
S4 5 V - - - 
S5 6 Ve a = 7 
S6 z V - - - 
S./ 8 V = = = 
S8 9 V 7 - - 
Ql oe a2 D 1 1 0 
Q2 oe 21: D uh 1 0 
Q3 ) oe 20 D 1 1 0 
04 oe we) D 1 1 0) 
OS oe 18 D 1 ib 0 
Q6 oe 17 D 1 dl 0 
Q7 oe 16 D i 1 0 
Q8 oe ARS) D i 1 0 
LEGEND F : field D : default variable M : extended node 
N : node I : intermediate variable 2:3 une ion 
V : variable X : extended variable U : undefined 
Fuse Plot 


Syn 02704 x AcO 02705 - 


Pin #22 02560 Pol - 02632 Acl - 
00000 
04): 
030 SS 


00120 xxxxxxxXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
00160 xxxxxxxxXXXXXXXXXXKXKXXXXXXKXKXKXKXKXKXXXXXXKXKXKXMK 
OO0200 xXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
00240 xxxxXxXXXXXXXXXXXXXXXXXXXXXKXKXKXXKXXXXKXXXKXKX 
00280 xxxXXXXXXXXXXXXKXXXXXXXXXXKXXXXXXXXKXXXKXXXXK 
Pin #21 02561 Pol - 02633 Aci - 

00320 

00360 —x———____—_—_——__- 

00400 
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Figure 27. Eigth Set-Reset Flip-Flops — Documentation File (continued) 


00440 
00480 
00520 
00560 
00600 


Pin #20 


00640 
00680 
00720 
00760 
00800 
00840 
00880 
00920 


Pin #19 


00960 
01000 
01040 
01080 
01120 
01160 
01200 
01240 


Pin #18 


01280 
01320 
01360 
01400 
01440 
01480 
0.1520 
01560 


Pin #17 


01600 
01640 
01680 
01720 
01760 
01800 
01840 
01880 


Pin #16 


01920 
01960 
02000 
02040 


XXXXXXXXXXXXXXXXXXXXXXXXKXXXKXKXXKXKXXXKXXXXKX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXX 

XXXXKXXXXXXXXKXXXXXKXXXXXXXXXXKXXXXXXXKXXKXKXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXKXXXXX 

XXXXXXXXXXXXXXXXXXXXKXXXXXXXKXKXXXXXXKXKXXXKXX 
02562 Pol - 02634 Acl - 


— a a ee 
SSS = 

XXXXXXXXKXXXXXXKKXKXXXXXXXXXXXXXXXXKXKXKXKKKK 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXK 

XXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
02563: POL = “02035 Aci = 


yy. 
0 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXK 
XXRMRXXXXXXXXXKXXXXXXXXXKXKXXXXXKXKXKXXXKXKXKXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKKXK 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXX 
02564 Pol = 02636 Acl. = 


x + 
> re 
RARKRARAKRKRARKRAKRKKRXKXAXXKXXXXKXXXXXXXKXXXXKXKX 
ARXRAKAAXXRKAKARKRAXKXAKXKARKXXKXXXXXXXXKXXXXXXKXKKX 
ARKRAKARRAARKXKXARAKRKRAKRKXKXRXRRXRXKXKXXXKXKXXKXXKXXKXKXX 
AAKKAKARARKXXKXRRKXKXKXKXKXKXKXXXXXXXXXXXXXXXXXXXX 


AXARAKRAKAKRARAKAKRKARKAKRARARKRKKXRAXAKRKAKXKXKXKKKXKXKKX 


025603: <Pol. = “UZ637 Aci. = 


a 
— 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXKXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXKXXXXK 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXKXXXK 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXX 
02566: Pol =. 02636 -Acl = 


x 
> > Cum 


ARXRRAKXAXARAAKAXRKXRARRKXKKAXKXKARKXXKKRKXKXKRRXKXKKRKKKX 


yj SGS-THOMSON 
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Figure 27. Eigth Set-Reset Flip-Flops — Documentation File (continued) 


O2080 xxxXxXXXXXXXXXXXXXXXKKXKXKXKXKXKXXXXXXXXKXKXXXKKKXK 
O2120 xxXxXXXXXXXXXXXXXXXXXXKXKXKXKXKXXKXXKXXKXXKXXXKXKXKXXX 
02160 xxXxXXXXXXXXXXXKXKXKXKXXKXKXXXKXKXKXKXXXKXXXRKXKXKXKXKXXX 


O2200 xXXXXXXXXXXXXXXXXXXXKXXXXXKXXXXXXXKXXXKXXXXXX 


Pin #15 02567 Pol - 02639 Acl - 
02240 
2280 = 
02.320. —————— SS SS Se 


02360 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
02400 xxxxxXXXXXXXXXXXXXXXXXXXKXXXXXXXKKXXXKKKXX 
O2440 xxxXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXX 
02480 XXXXXXXXXXXXXXXXXXXXXKXXXXXXXKXXKXXKXXKXKXKKXX 


02520 XXXXXXXXXXXXXXXXKXXXXKXKXXKXKXXXXKXXXKXKXXXKXKXXKXX 


LEGEND X : fuse not blown 
- : fuse blown 


| Flop SR | 
x——| 1 24. |—=—s. Vo 
Sil. x= [2 23) 2x 
S2) x= )|.3 Z2\==— O01: 
Ss: == [4 Z1\——-x OZ 
S4 x-—-|5 20|—-x Q3 
So: x= 56 19 |—-x: 04 
S6 x-—-|7 61-2705 
S7 x= 1/8 df [=x 206 
S8 x--|9 ols OF 
RST x—-|]10 15|-—-x 08 
> eae wee be 
GND x-—-[12 LS} =x 
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Figure 27. Eigth Set-Reset Flip-Flops — Input File for Simulation 


Name FLOp:- SR; 

Partno None; 

Revision 00; 

Date None; 

Designer Ernesto; 

Company SGS-THOMSON Microelectronics; 

Location None; 

Assembly None; 

Device G20V8MS; 

/* Only some flip-flops are simulated, * 


/* because the behaviour of the others is adentical. */ 
Order? 615.3352 7 63750; oe Role eZ, Ol; 25702) 23,083 
Vectors: 


Smsg NN ose 
Smsg “ Sl S2 S8 RST Ql Q2 Q8"; 
Smsg ™“ SS 


0001 LLL 
0010 LLH 
0100 LHH 
1000 HHH 
0001 LLL 
0110 LHH 
0001 LLL 
1100 HHL 
0001 LLL 
1010 HLH 
0001 LLL 
1 LO Ae 
0001 LLL 
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GAL®: THE MEMORY STRUCTURE IN THE AND 
ARRAY 


The so called “AND array” makes use of the main 
part of the EEPROM memory of the GAL®. (Smaller 
memory sections are present to implement the 
OLMC architecture options, the electronic signa- 
ture, the security bit and some others bits for the 
device manufacturer use, that do not affect the 
operation of the device). 


The AND array is basically made up of a repeated 
structure (64 times ina GAL16V8 or ina GAL20V8) 
called the “product term’. 

The functional representation of a product term is 
(see also the chapter “Logic Concepts”): 


INPUT TERMS 


AA BB CC 


The interconnections of an input signal (or of its 
negation) to the horizontal connection (which is an 
actual metal strip in the chip, called BIT LINE 
because of its similarity to normal memory circuits) 
can be programmed by the EEPROM cell present 
in each crossing. 


The circuit implementing each crossing is: 


INPUT SIGNAL 


BIT LINE 


Floating gate transistor 


Select transistor 


Product term ground 


Gir S&S-THOMSON 
SF MCROELECTROMICS 


An active input signal turns on the select transistor. 


If the corresponding floating gate transistor has 
been programmed for a short circuit, the select 
transistor sinks current from the bit line. If , instead, 
the floating gate transistor has been programmed 
for an open circuit, the input signal has no effect 
whatsoever. 


A current limiter gathers all the select transistors of 
a bit line, and limits the maximum amount of current 
that can be sunk from the bit line. (There may be 
up to 16 select transistors active at the same time 
ina GAL16V8. There are 32 [33 including the PTD, 
see below] of them, but each pair is driven by an 
input and its complement). 


The Product Term Function 


Unlike in standard memory circuits, in the GAL® 
array more than one select transistor may be active 
at the same time. This allows the implementation 
of a “wired NOR?” function of the input signals 
complements, i.e. the AND of the input signals. 


Consequently a current limiter is needed, to limit 
the power dissipation and to limit the voltage swing 
of the bit line, so reducing the slow-down effect of 
the parasitic capacitances affecting the long bit line. 


At the end of each bit line, a current-to-voltage 
converter (the “sense amplifier’) detects whether 
at least one crossing is sinking current from its 
input, and translates this info into a CMOS level. 


No one sinking = 
= no programmed cell is selected = 
= NOR 
+ taking into account, when generating the 
programming pattern, the use of inverted 
inputs = 
= AND = 
= PRODUCT TERM 
The sense amplifier must operate at very high 
speed with an input signal in the range of tens of 
millivolts. It is an analog piece of circuitry, and all of 
them together (64 ina GAL16V8) account for most 
of the d.c. power consumption of the GAL®. 


The Product Term Disable 


It is common practice that in the unused bit lines all 
the cells are programmed for a short circuit, thereby 
ensuring a constant 0 at the output of the product 
term. 


Ina GAL® it is possible to reduce the associated 
power consumption, that corresponds in the above 
situation to the current saturating the current limiter. 


There is an additional cell that can ground the bit 
line as well: the Product Term Disable, or PTD. 


By programming the PTD and leaving unpro- 
grammed all the other cells of an unused product 
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term, a steady saving of about 500 uW comes free 
from every unused product term so set. 


The Single Poly Cell in GAL® 


The structure made of a select transistor and the 
associated floating gate (= memory) transistor 
gives the GAL” its programmability. 

The floating gate transistor may, during the pro- 
gramming phase, be permanently modified in its 
gate threshold voltage by an injection (or extrac- 
tion) of electrons in the floating gate itself. If the 
floating gate is given electrons, the threshold seen 
from the external gate (the “main control gate”) 
becomes more positive (+7 volt) because the ne- 
gative field of those electrons has to be overcome; 
vice versa if electrons are taken out (+7 volt). 


BIT LINE 


Floating gate 


Main control gate | 


Tunnel oxide area 


Select gate | 


Sensing transistor 


Select transistor 


Product term ground 


As the main control gates of all memory transistors 
are connected together, and set at 2.5 volt all during 
normal operation, these transistors act aS perma- 
nent open or short circuits. 


The floating gate is given or taken electrons during 
the programming phase. By applying a voltage well 
in excess of 10 volt across a thin oxide area below 
the floating gate, a “tunnel” current can flow. 


After the programming phase the tunnel oxide spot 
never sees voltages high enough for a tunnel cur- 
rent of any significance to flow. All over the rest of 
the floating gate, a much thicker oxide layer isolates 
it. 


During normal operation the voltage distribution 
across the tunnel oxide (and the oxide surronding 
the floating gate) remains low (so that the tunnel 
current is also extremely low) and the floating gate 
charge retention is unaffected for much longer than 
the specified 20 years of data retention. 


GAL single poly EEPROM cell cross section 


PrOaucy . Main 
Ter Bit Control 


Ground Line Gate 


Floating 


Gate 
KC 


ER 


Select Floating 
Gate Gate 
EEE BSR RERESEE 
SED 7 BR 


Tunnel 
Oxide 


Select transistor 


Sensing transistor 


(What appears as two separate parts of the floating 
gate in the above figure, correspond in actuality to 
a unique element, that has the joining part behind 
the plane of the section shown, where it passes 
below the aluminium strip of the bit line). 


The Voltage on the Floating Gate 


To apply the programming voltage to the floating 
gate (that is electrically insulated) the cell is de- 
signed in order to exploit the capacitive coupling of 
the floating gate itself to its own source diffusion 
and to the main control gate. 

The floating gate creates a relatively large capaci- 
tor with the diffusion of the main control gate be- 
neath, and a significantly smaller capacitor with the 
small pieces of the memory transistor beneath 
(source, drain diffusions, channel area and tunnel 
oxide area; the tunnel oxide is thinner (90 A) than 
the oxide elsewhere in the described capacitors, 
(300 to 350 A) but its surface is so small that the 
associated capacitance gives a small contribution). 


BIT LINE 


Floating a Ne 
Main contro! gate : 


Tunnel! axide area 


Select gate | 


Sensing transistor 


Select transistor 


| During the programming phase 


| Floating gate 
Product term ground | 12 | | 45 fF | 
| Product term ground Main control gate ’ 


When programming, the bit line is disconnected, 
and the main control gate is grounded, while the 
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high voltage is applied to the product term ground. 
In this case, if a given select transistor is on, the 
associated memory transistor can expel electrons 
from its floating gate. 


In fact the high capacitive coupling with the main 
control gate attracts the floating gate close to 
ground, while the other side of the small capacit- 
ance, where the tunnel oxide is, receives the high 
voltage from the select transistor. The floating gate 
is set more positive, and in normal operation after- 
wards, the memory transistor acts as a short circuit. 


Viceversa, always with the bit lines disconnected, 
the high voltage is given to the main control gate 
and ground to the PTG. 


selecting then the memory positions where to put 
open circuits, the relevant select transistors will 
insert electrons in the floating gates they address. 


(In practice the programming is done first with a 
bulk erase of the entire memory, followed by the 
programming, one product term at a time, of only 
the cells that are to become short circuits) 


Single Poly Versus Double Poly 


It has been emphasized that the data retention is 
good if the floating gate is free from any leakage of 
the programmed charge. 


The oxide surrounding the floating gate must be 
flawless all over, not only the small section of it 
made very thin on purpose to allow the programm- 
ing via the tunnel effect. Moreover, the tunnel oxide 
must not be affected by any subsequent process 
step after its growth. 


In this respect the single poly process used pres- 
ently by SGS-THOMSON offers an additional se- 
curity in comparison with the double poly process 
previously used for its GAL®, and still used by some 
competitors. 


A double poly technology implements the capaci- 
tive structure described in the figure above putting 
the main control gate armature above the floating 
gate. This MCG armature is implemented by a 
second poly layer on top of the poly layer of the 
floating gate. 


Apart from a general complexity increase of the 
process (the additional layer requires at least two 
more masking steps), the second poly layer implies 
additional processing of the wafers after the deli- 
cate tunnel oxide has been manufactured. 


These additional steps are necessarily different in 
the case of the double poly, because the interpoly 


ky7 SGS-THOMSON 


oxide must be relatively thin and well controlled in 
its thickness to implement the desired capacitor 
between the MCG and the floating gate. 

The interpoly oxide must then be grown with a dry 
oxidation at high temperature, to precisely control 
its thickness. It is this high temperature that 
stresses the tunnel oxide beneath the first poly. 


GAL double poly EEPROM cell cross section 


Bit line 


pooduet Term Ground 


x, © 
BN A 
BLK KKK SA 
SKK 
. SSO” 


Tunnel oxide 
Main Control Gate 


Floating Gate 


Select Gate 


In the case of the single poly process, the oxide that 
seals the floating gate needs not to be neither thin 
nor tightly controlled in its thickness. It is grown with 
a steam oxidation process at lower temperature, is 
thicker and seals at least as well, without jeopard- 
izing the tunnel oxide integrity. 


GAL® MEMORY CELL CONVENTIONS 


The following table shows the conventions used to 
indicate the status of a memory cell. 


[wise [ered 


Missing 
Electrons 
(Positive) 


With Electrons 


Floating Gate (Negative) 


Voltage 
<a oe aoe 
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LATCH-UP IMMUNITY 


Abstract 


The users of CMOS integrated circuits are aware 
of the inherent risk of latch-up in those devices. 


GAL® are by design practically immune from this 
risk. 


The basics of latch-up are recalled, and the solu- 
tions implemented in the GAL® devices are out- 
lined, to offer a description on how their latch-up 
immunity has been designed-in since their concep- 
tion. 


The Latch-up 


ACMOS structure cannot be implemented without 
implementing at the same time a parasitic PNPN 
structure, connected between Vcc and ground. 


Such parasitic structure has, in all practical cases 
of CMOS devices, a capability of being triggered 
into a runaway state where it absorbs power from 
the power supply and quickly causes the chip 
destruction with the high power dissipation associ- 
ated. 


However, in the range of supply voltages, tempera- 
tures and external disturbances of practical use of 
the CMOS devices, they can be, and are, designed 
and manufactured so that the latch-up almost 
never presents itself. 


Figure 1. Parasitic Latch-up Structures 


LATCH-UP IMMUNITY 


A CMOS product can (according to its diffusion 
process and chip design) be more or less (but 
always only in extreme conditions) inclined to latch- 
ing-up. 

Figure 1 shows the essential elements of aCMOS 
inverter stage, along with the parasitic bipolar struc- 
tures. 


The figure shows the case of an N-well implemen- 
tation (like GAL®); a perfectly dual figure would hold 
good for a P-well CMOS. 


As Figure 1 may suggest, the substrate is often 
(but not in GAL®) connected to ground. 


The P-channel transistor, from its source and drain 
diffusions, forms PN junctions with the N-well into 
which it is located. Taking into account also the P 
substrate, two PNP transistors can be identified. 
Their bases are biased to Vcc, but such connec- 
tion is affected by a relatively high resistance, due 
to the N-well resistivity. Consequently they do not 
conduct, unless a transient disturbance can make 
current flow through the N-well and generate a 
voltage drop higher than a PN threshold (0.6 volt) 
across the base junctions, so that a base current 
can be made flow from the transistor bases. 


similarly, the source and drain diffusions of the 
N-channel transistor form the emitters of NPN 
structures, where the bases are made up by the 
substrate itself, and the collectors by the adjacent 
N-well. Again the bases of such NPN transistors 


Output 
Input f 2a; = 
‘ fy 
Vec 
Vsub Ground 
; eee Cae oe ee oe = 
\ . Su : eins ; ie i : a ; . es ‘ ave <A \ 
| N- well | | 
\ we Bd “a ~~ \ 
Ay ye a \ = ame fee ere al a | | 
{ * ~ ae Bes . yw Ee se é { 
v3 * | 
| 
\ 
is 
ne P- substrate v 
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are negatively biased by the connection to the 
substrate bias contact on the chip surface. The 
connection exhibits unfortunately a non negligible 
resistance, so that an unwanted transient may 
make the substrate voltage oscillate and even 
reach the dangerous point where the bases 
become forward biased. 


Figure 2 shows the equivalent circuit of the para- 
sitic bipolar structures of Figure 1. 


On the left side of Figure 2, the standard case ofa 
CMOS logic is shown. 


It is now easier to realize how a transient in the 
P-substrate (or in the N-well) can momentarily for- 
ward bias the transistor base that is one and the 
same with it. 

This base current, amplified by the bipolar transis- 
tor gain, becomes a collector current. The magni- 
tude of such collector current may, in turn, be 
enough to forward bias the other transistor shown 
in the left hand part of Figure 2. If this is the case, 
then the situation may become regenerative, with 
the second transistor reciprocating the gift from the 
first, providing further base current to it from its 
collector. The initial trigger current is no longer 
needed, and the permanent latch-up situation has 
been reached. 


Once the latch-up has been triggered, the latch-up 
current rises to a very high value and can only be 
terminated by removing the supply voltage from the 
chip or (unfortunately more often) by the chip self 


destruction subsequent to the very high power 
dissipation generated. 


Conditions For The Latch-up 


Although the possibility of the latch-up always 
exists, it can be reduced to a level of negligible risk 
in a practical application. It is important to consider 
the factors influencing the phenomenon. 


¢ The parasitic transistors gain. It is necessary 
that the product of the gains of the two parasitic 
transistors in each PNPN structure be greater 
than one. If not, the PNPN structure cannot be 
triggered into a regenerative condition. Unfor- 
tunately, in practice there are always in a 
CMOS chip several PNPN structures with high 
enough a gain. It must also be kept into con- 
sideration that a higher chip temperature corre- 
sponds to higher gains of the bipolar 
transistors, and to a reduced latch-up im- 
munity. 

The base-to-emitter resistances. Lower resist- 
ances require more current before a voltage of 
0.6 volt can be created across them. This 
means that a stronger disturbance is needed 
to reach the triggering point where a base 
current starts flowing into the base of a parasitic 
bipolar transistor. 


¢ The level of the disturbance itself. It must be 
pointed out that the latch-up can only be trig- 


Figure 2. Equivalent Circuit of the Parasitic Structure 
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gered by a signal generated outside the chip. 
As animmediate consequence it can be under- 
stood that the input and output stages of the 
chip are by far the best candidates for the 
latch-up because the external noises are 
reaching them first, with the minimum attenua- 
tion. The structures susceptible to the latch-up 
can be laid out in the chip with additional circuit 
solutions so that the external noise reaches 
them only after having undergone a substan- 
tial attenuation anyway. The waveform of the 
disturbance is also important. A square wave 
with a low duty-cycle is considerably less dan- 
gerous than a DC waveform of the same aver- 
age DC value. 


The input stages can be designed so that the 
voltage applied to them by external circuits has a 
negligible coupling with the parasitic PNPN struc- 
ture associated (the input resistances are ex- 
tremely high, the capacitances very low, and the 
input protection circuits can be implemented with- 
out adding regenerative PNPN structures). 


The internal stages generate waveforms that are 
totally predictable, and the latch-up can be ex- 
cluded at the design stage. 


The output stages and the Vcc connection are left 
as the only possible entry points for noise pulses 
able to trigger the latch-up. 


Figure 3 shows the circuit corresponding to the 
structure of Figure 1, where the output connection 
with the parasitic structures is identified. 


Precautions against the Latch-up 


Several precautions altogether are normally im- 
plemented during a product design. The most com- 
mon make use of: 


* Diffusion process parameters. The doping con- 
centrations of the substrate and of the wells 
play a role in the sense that lower concentra- 
tions are associated with higher gains of the 
parasitic transistors. 


Minimum distances between the relevant N 
and P diffusions, to get wide enough bases in 
the parasitic bipolar transistors, and accord- 
ingly lower gains. 


Additional guard rings. They are diffusion lay- 
‘out patterns guarding the path between two 
diffusions of the same type that may be part of 
a PNPN structure latching-up. These rings are 
biased to Vcc (or to the substrate bias voltage, 
according to their P or N characteristic) and 
intercept the current that may otherwise gener- 
ate spurious bias voltages and the latch-up. 
The guard rings act either as: 


- additional collectors of some parasitic bipo- 
lar transistors, and they gather current that 
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Figure 3. CMOS Output: the Structure that 
may Latch-up 
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they deliver directly to Vcc or ground (or 
-Vep if the substrate bias is implemented), 
taking such current away from the regener- 
ative path of a PNPN structure; or 


- redundant contacts for the biasing of the 
substrate (at ground or at -Ves, according 
to the device family) and of the wells (at 
Vcc), so that the parasitic resistances are 
kept at as low a value as possible. 


Any current, that may otherwise affect the 
substrate (or a well) bias, shall find a short and 
conductive path very easily towards a nearby 
contact or an extra-collector, in all cases. 


Solutions Implemented in the GAL® 
Apart from the mentioned points of: 
¢ careful evaluation of the diffusion parameters, 


* proper distances between diffusions for wide 
parasitic transistor bases, 


¢ additional guard rings, 


the GAL® have taken advantage, for their latch-up 
immunity, of two drastic and effective circuit solu- 
tions: 


* negative bias (-2.5 volt) of the substrate, 


¢ disconnection of the major part of the chip 
during the power-up transient. 
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Substrate Bias 


All the SGS-THOMSON GAL® have an on-chip 
generator (driven by an oscillator free-running at 
16 MHz) that, since a few microseconds after the 
supply voltage Vcc has been applied to the chip, 
forces the voltage of the chip substrate down to -2.5 
volt. 


This fact has two main beneficial effects: 


¢ the N-channel transistors become faster, ad- 
ding considerably to the overall switching 
speed of the device, and 


¢ the latch-up becomes practically impossible, 
due to the very strong negative bias forced into 
the NPN transistors of the parasitic structures 
(see also the right hand side of Figure 2). 


Power-on Protection 


However the body bias is not effective during the 
short period since Vcc is applied until the body 
generator output has reached its final value. 

To ensure the latch-up immunity also during such 
interval, the GAL” are equipped with a set of 
ancillary circuits, very effective in completing the 
shield against the latch-up. 


Figure 4 shows the block diagram of these last 
circuits. 


The circuits that are connected directly to the ex- 
ternal supply voltage are made only with N-channel 
transistors, so that no parasitic regenerative struc- 
tures are present. 


Only after the body bias has been acknowledged 
as reached and stable by the Ves detector, are the 
circuits with P-channel transistors given the supply 
voltage. 

A large pass transistors takes care of blocking the 
Vcc until a completely safe situation has been 
reached. 


Vcc is directly connected to circuits made with 
N-channel transistors only. In addition to the ones 
shown in Figure 4, there are also the output stages 
and some sections of the sense amplifiers. 


Output Buffer 

A last precaution taken in the GAL® against the 
latch-up and worth mentioning is in fact the exclu- 
sive use of N-channel transistors in the last stage 
of the output circuits. 

It can be seen from Figure 5 that the GAL® outputs 
are not CMOS stages, and that the upper N-chan- 
nel transistor, with is gate at Vcc, can only yield an 
output level of (Vcc - Vih), where Vin is its threshold 
voltage, and has a value of about 1.0 volt. 


Figure 4. Block Diagram of the Power-on Protection 
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The output swing is then from 0 to 4 volt, still well 
adequate for a TTL compatible signal, and the 
stages are totally immune from latch-up. 


Experimental Evidence 


The latch-up immunity is checked every time a new 
GAL~ is introduced, running a set of tests on 
samples taken from different production lots. 


Amongst others, the following tests are preformed 
on the parts: 


* injection of overcurrent (positive and negative) 
into each input and |/O terminal (the I/O being 
programmed as an input), 


* positive and negative overvoltages applied to 
the same terminals, 


* positive overvoltage on the Vcc terminal. 


At each test, the supply current readings, in normal 
operation before and after the applied stress, are 
contrasted. 

Any variation is significant to the detection of a 
latch-up somewhere in the chip. 

The upper temperature limits are also explored with 
the same methods, as well as a set of different (and 
sometimes even very unlikely!) power-up tran- 
sients. 

All the results gathered during such charac- 
terization exercises have always confirmed that the 


Figure 5. Output Circuits 
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latch-up can not be induced, unless stresses well 
outside the absolute maximum ratings are applied. 


Further evidence has been collected in the running 
activity of analysing the field rejects. Here again no 
failure could ever be suspected as a latch-up failure 
caused by stresses within the absolute maximum 
ratings (although a device destroyed by an upside- 
down insertion into its socket, with ground and Vcc 
inverted, simulates with its melted metal strips a 
latch-up failure!). 

The most effective way to deliberately trigger a 
latch-up in one of these parts is to force Vcc values 
well in excess of 7.5 volt. 


During such an experiment, a 10 Q series resistor 
(between the power supply and the Vcc terminal) 
and a quick power-off action, are useful to reduce 
the risk of a device destruction following the activa- 
tion of the latch-up. 


Conclusion 


The several precautions taken during the design of 
the GAL™ products have reached their objective, 
and an effective immunity from the latch-up could 
be achieved. 


The theory and the experimental evidence both 
demonstrate that the GAL” can be used without 
the least concern about the latch-up. 
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EVALUATING THE POWER CONSUMPTION OF 
AGAL® 


Due to its characteristic property of being pro- 
grammable, a GAL” can be configured in one of 
several different modes. 


According to the designer’s choice, the logic func- 
tion that the GAL® performs can vary substantially. 


Moreover, the GAL® will absorb a supply current at 
a level that varies greatly (up to a few times!) as a 
direct consequence of that same choice. 


The ability to predict the the GAL® supply current 
(or its power dissipation, which is basically the 
same thing) by calculation, when evaluating design 
alternatives, may be an important issue. 


This note reports a simple but effective (and rather 
accurate) method for predicting the power dissipa- 
tion in different situations of: 

* architecture programmed into the GAL®; 

* supply voltage; 

* operating frequency; 


* output load. 
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POWER DISSIPATION IN CMOS CIRCUITS 


The power dissipation of a CMOS circuit can be 
separated into two components: 


¢ DC power dissipation; 
* AC power dissipation. 
In several practical cases (and always with GAL®) 


both the DC and the AC components are signifi- 
cant. 


Figures 1, 2 and 3 show the Icc consumption of a 
GAL20V8S-25EB1, a GAL20V8AS-15QB1 and a 
GAL20V8AS-12HB1, respectively. 


THE DC COMPONENT 


In Figures 1, 2 and 3 the power consumption at 
very low frequencies of the input signals is still 
significant. 


This “DC” component is associated with: 
¢ the analog circuits. In the GAL®: 
- the sense amplifiers; 


- the bias generators (resistive dividers) that 
bias the analog circuitry; 
¢ the circuitry generating (and switching with) a 


frequency of their own, i.e. the body bias gen- 
erator and charge pump. 


Figure 1. GAL20V8S-25EB1 Dissipation versus Frequency and Voltage 
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Figure 2. GAL20V8AS-15QB1 Dissipation versus Frequency and Voltage 
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Figure 3. GAL20V8AS-12HB1 Dissipation versus Frequency and Voltage 
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The Fixed Pedestal 


For the purpose of predicting the power consump- 
tion of a GAL®, the DC part due to the body biasing 
and to the other signal biasings can be considered 
fixed for all chips, with a value of: 


2.8mA 


The Input Buffers 


It must be emphasised that the actual levels of the 
input signals may contribute to the GAL~ consump- 
tion. 


Each of the input stages is in fact a CMOS circuit, 
with the classic Pch/Nch transistors. The dimen- 
sions of the two transistors are not perfectly com- 
plementary, in order to set the threshold not at 
Vcc/2, but rather at about 1.6 volt, because the 
input specifications require a behaviour of the “TTL 
compatible” type. 


Figures 4, 5 and 6 show the current that an input 
buffer of each of three popular GAL® types absorbs 
from Vcc when its input is set at different voltage 
levels. 


The data reported in Figure 4, 5 and 6 describe the 
dissipation in the input buffers only. They can be 
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used to infer the total dissipation associated with 
an input level below 0.5 volt and above 3.0 volt. 


Outside this range of 0.5—3.0 volt input levels, the 
output level of such buffer is a true CMOS level. 
However, if the input was set at a voltage close to 
1.7 volt, the output level of the input buffer would 
be itself such as to set other internal stages in a 
condition of DC dissipation. 


This condition must be avoided, and need not be 
discussed further. 


The transient condition that occurs at every switch- 
ing transition does in fact generate a very quick 
transient of dissipation in each CMOS stage, but 
this amount of energy is taken into account when 
characterising the AC component of the dissipation 
(see below). 


Several consequences of practical significance 
may be drawn: 


* the input stages do not contribute to the overall 
DC consumption as long as their input levels 
are within 1 volt from Vcc or ground (more 
precisely, as long as 0 <Vi_ <1 volt and 
(Vcc — 1 volt) < Vin < Vcc); 


* when using input signals switching between 
0.5 volt Vit and 3 volt Vin (normal assumption 


Figure 4. GAL20V8S-25EB1 Input Buffer Consumption 
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Figure 5. GAL20V8AS-15QB1 Input Buffer Consumption 
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in the data sheet specifications) the input buff- 
er: 


- does not absorb with input @ 0.5 volt; 


- absorbs during the transition from 0.5 to 
3 volt and from 3 to 0.5 volt according to the 
AC characterization described in this note 
(in this note, as well as in the data sheets, 
the transition times, both low-to-high and 
high-to-low, are 3 ns); 


- absorbs in DC mode when the input signal 
is at 3 volt continuous (147 LA Icc per input 
@ 3 volt is the value that can be found in 
Figure 4 for a GAL20V8S-25EB1). 


«where the power dissipation must be mi- 
nimized, a Vin of 4 volt or more should be 
preferred (it can be seen that the trade-off with 
the dissipation of the external circuits on the 
input parasitic capacitances is more advant- 
ageous with lower input frequencies). 


As a practical example, let’s consider a 
GAL20V8S-25EB1 with an input switching at 5 
MHz. 


lf the input swings between 0.5 and 3 volt, the 
power dissipation in the input circuits associated 
with that pin is: 


DC OpA-50% +147 WA - 50% + 


AC ane 5 MHz =213.5 nA 


where the DC contribution is 73.5 yA, i.e. 38%. 

If the input signal swings between 0.5 and 4 volt, 
then only the AC contribution remains, i.e.: 

28 pA 
MHz 
The advantage of a higher Vin is more apparent if 


the input is switching at alow frequency, or steadily 
high. 


AC -5 MHz = 140uA 
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The Sense Amplifiers 


The DC component associated with the DC oper- 
ation of each sense amplifier is also fixed (but the 
dependence to the supply voltage should be taken 
into account), but it is different according to which- 
ever one of the two states the amplifier can assume 
while decoding the input signals. 


The sense amplifier decodes whether one (or 
more) cell(s) are sinking current from the bit line 
connected to its input. 


(Remember that the sense amplifier physically im- 
plements a NOR function of the signals routed to 
the bit line through the cells that have been written. 
The programming software writes the cells along 
the path of the signals inverted with respect to the 
ones specified by the designer when describing the 
circuit to implement. The overall result is the im- 
plementation of ihe AND function that each product 
term in the GAL® has to perform.) 


When switching with a 50% duty cycle, the DC part 
of the consumption of the sense amplifier can be 
calculated as the average of the consumption in the 
two states. 


In practice several Product Terms are often un- 
used, and may be set in the low state with one cell 
(the Product Term Disable — PTD) steadily keep- 
ing it there. However most programming software 
implement the disabling of the unused product 
terms not via the PTD, but by programming as 
connected all the signal cells of the bit line. If a 
signal is not at the right level to sink from the bit 
line, then its negation will, or vice-versa. 


This latter approach came into use with the bipolar 
PAL™ that normally do not have provision for the 
PTD function, but the use of the PTD alone should 
be preferred with GAL®, because the power con- 
sumption can be, though slightly, reduced. 


Table 1 gives the typical values for the most popular 
device types. 


Table 1. DC Current Consumption Associated with each Product Term 
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For instance, for each Product Term of a 
GAL20V8S-25EB1: 


High - no cell sinking 165 nA 
Low - 3 or more cells sinking 280 nA 


lf the PT is made switch at low frequency with duty 
cycle 50%: 


(280 eee 165 LA) = 223 uA 


THE AC COMPONENT 


In a CMOS circuit this component is generated by 
the continuous charging and discharging, every 
switching cycle, of the parasitic capacitances in 
every node of the circuit, and of the external load 
capacitances. 


When charging a capacitor C from a fixed voltage 
source V, the energy involved during the transient, 
no matter how quick the transient is, results in: 


- energy taken from the source CV * [J] 
, Wewre ©; as 
* energy stored in the capacitor a [J] 
* energy dissipated in the Pch 
aes Cv e 
driving transistor a [J] 


When, during the next coming transition of the 
switching cycle, the capacitor is discharged to 
ground: 


* energy taken from the source 0 [J] 
* energy given back 
Cv? 
by the capacitor “oS [J] 
* energy dissipated in 
~ cv? 
the Nch driving transistor 0 [J] 


The total energy (taken from the supply and dissi- 
pated in the circuit), at every switching cycle, is: 
CV" [J] 


As long as the charging time constant of such 
capacitances in the CMOS circuit is much shorter 
than half of the switching period (which is always 
the case in practice), at a frequency of f switching 
cycles per second, the energy dissipated every 
second, i.e. the power dissipation, is: 


f-C-V? [W] 
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The AC dissipation does receive a contribution also 
from the Pch/Nch pair of each CMOS stage that is 
in a transient short-circuit at every commutation. 


However, the overall result is pretty much equival- 
ent to the effect of an additional parasitic capacit- 
ance put across a CMOS stage without short-circuit 
transient. 


Therefore it is convenient to use the above theore- 
tical model in the discussion of the internal AC 
dissipation. 


The Load Capacitances 


The formula f-C - V* can be almost straightfor- 
wardly applied to obtain the power dissipation in- 
duced by the external capacitances. 


Considering that the GAL® output ensures an 
output swing of about: 


from 0 to( Vcc — 1 volt ) [V] 


it can be seen that the current drawn from the 
supply with a capacitive load Cext is: 


Cext-(Vcc-—1)-f [A] 
and that the power dissipation is: 
Vec:Cext-(Vcc-1)-f [W] 
The evaluation of this item depends on the external 
circuit, is independent from the specific GAL® de- 


vice, and can easily be calculated by the circuit 
designer. It is not discussed any further in this note. 


Internal AC dissipation 


The chip can be partitioned into blocks, that are or 
are not switching, according to the programmed 
architecture and to the input signals, in every given 
implementation. 


Every such block can be characterized by an AC 
dissipation, measured as the current drawn from 
the supply per every MHz of the switching fre- 
quency. 

The AC dissipation can then be obtained by adding, 
for all the blocks that are made switch in the appli- 
cation, the following amount: 


V cc-|cc drawn by the block per MHz - 
- frequency in MHz [ 


Different AC Blocks 


The internal blocks, that must be separately con- 
sidered to achieve an accurate prediction of the AC 
power dissipation, are: 


* each switching input (that includes the associ- 
ated internal row drivers); 


¢ each |/O switching (that includes the associ- 
ated internal row drivers); 


¢ each switching Product Term (the bit line and 
the sense amplifier); 


¢ each switching output (that includes the asso- 
ciated feed-back row drivers, when connected 
to it), distinguishing whether: 


- programmed as a registered output; 
- programmed as a combinatorial output; 


and also distinguishing whether its output buff- 
er is enabled or not. 


The typical values for the different types of 
SGS-THOMSON devices are shown in Table 2. 


From Table 2, one interesting remark can be ob- 
tained, if the technological difference between the 
-S and the -AS types is taken into consideration. 


Both the -S and the -AS devices are built with the 
SGS-THOMSON single-poly technology, for state 
of the art performances in memory retention. 


However the -S devices are built with a single-metal 
process, to implement the best complexity/perfor- 
mance trade-off for these (relatively!) slow devices. 
The -AS parts instead, where a faster switching is 
required, are built with a double-metal process. 
This last choice allows the implementation of a 
faster logic. 


It can be seen that the -AS parts, that pay a costin 
terms of DC dissipation to achieve high speed 
performances in the input buffers and the sense 
amplifiers — with respect to the -S counterparts —, 
are on the other hand characterized by lower spe- 
cific AC consumptions because of their double- 
metal construction. 
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CONSUMPTION VERSUS SUPPLY VOLTAGE 
Once the consumption at 5.0 volt Vcc has been 
evaluated, a simple, but accurate rule can be used 
if Vcc is not 5.0 volt: 
¢ the DC component of the supply current varies 
+2.2% per every 100 mV above 5.0 volt Vcc, 
or 
* the DC component of the supply current varies 
-2.2% per every 100 mV below 5.0 volt Vcc. 
The 2.2%/100 mV coefficient can be used for all 
devices. 
Note: the variation of the AC component of the 
supply current is just directly proportional to the Vcc 
variation. 


CONSUMPTION VERSUS TEMPERATURE 
The DC component, for all GAL16V8 and 
GAL20V8, can be estimated to vary: 
* -0.23% per every degree centigrade of tem- 
perature increase. 
For example: 
° 5.75% less at 50°C than it is at 25°C 
° 8.05% more at -10°C than it is at 25°C 


Note: the AC component can be considered inde- 
pendent from the ambient temperature. 


A PRACTICAL EXAMPLE 

All throughout this note, a GAL20V8S-25EB1 has 
been used whenever an example was shown. 
When a GAL20V8S-25EB1 is tested to verify the 
compliance with the datasheet limit of 27 mA for Icc 
(Maximum Operating Power Supply Current), the 
pattern of Figure 7 is programmed in it. 


* The signal frequency is the reference for the number of MHz to be used when calculating the supply 
current. The clock frequency is twice as high as the signal frequency. 


Table 2. AC Consumption (uA/MHz) of the different Blocks @ 5 volt Vcc 
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Vcc is set at 5.25 volt, the pins 2 and 3 are driven 
with a square wave at 15 MHz while all the other 
input pins are kept to ground. 


The architecture is set with ACO=SYN=AC1(n)=1, 
which corresponds to Complex Mode, with combi- 
national Output Logic Macrocells and programm- 
able OE and polarity. 


An analysis of the pattern shown in Figure 3 would 
demonstrate that all outputs are constantly en- 
abled, but only the outputs 22 and 18 switch at 
15 MHz. 


In order to predict the power consumption, let’s first 
evaluate the DC component of the supply current: 


Fixed pedestal 2.8 mA 
Inputs 2 and 3 at 0/3.0 volt 

147uA - 50% - 2 0.147 mA 
sense amplifiers 

8 PTO high 8-165 uA 1.32 mA 


7 PTs of pins 15, 16, 17, 19, 20, 21 
allhigh 7-6-165 uA 6.93 mA 


7 PTs of pins 18, 22 switching at 50% 


7.9, 169 Asset A 2.982 mA 
Subtotal DC 14.179 mA 


We can now evaluate also the AC contribution: 


2 switching inputs 


2-28 yNA/ MHz- 15 MHz 0.84 mA 
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14 switching PTs 
14-4uA/ MHz - 15 MHz 0.84 mA 


2 switching combinational outputs 


2-105 uA/MHz-15MHz 3.15mA 
Subtotal AC 4.83 mA 
and the resulting total 
Total 18.969 mA 


To estimate this consumption at 5.25 volt instead 
of at 5.0 volt, the DC component of the supply 
current requires a correction of: 

14.179 mA - 2.2% /100 mV -2.5-100 mV 

=0.78 mA 

and the AC component of the supply current a 
correction of: 

4.83 mA-0.25V/5V = 0.2415 mA 
The total current consumption at 5.25 volt Vcc 
adds up to 19.99 mA, which is slightly overesti- 
mated when compared with the experimental result 
of 19.08 mA. 


The datasheet limit is 27 mA, valid at 0°C. The 
value of 19.99 mA at 25°C must be corrected by: 
14.179 MA — 0.23% /°C -- 25°C = 
= 0.815 mA 
and becomes 20.81 mA at 0°C. 


It can also be concluded that the typical device 
considered here is a good “eighth power” part. 


MSON 
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Figure 7. GAL20V8S-25EB1 — Pattern for the Dissipation Test 
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THE RELIABILITY APPROACH 


“Architects and designers have for millenia tried to 
design structures and products for long life. What 
is new is the movement to quantify reliability.” 


Dr. Joseph M Juran 


In a customer’s finished product, semiconductor 
devices must function normally in a stable manner 
under the given operational conditions throughout 
the specified life of the product. 


SGS-THOMSON therefore, exercises meticulous 
care in the design and manufacturing stages and 
studies the various factors that affect the reliability 
of semiconductors such as operational and envi- 
ronmental conditions. 


Component reliability is described in quantitative 
terms. The failure rate distribution of a typical de- 
vice population follows the familiar bathtub curve 
shown in Figure 1. This curve is divided into three 
time zones, the length of which depends on device 
type and operation stresses. Zone A covers the 
infant mortality period which, as the name implies, 
represents the early failure of devices. These 
failures are usually associated with one or more 
manufacturing defects and are usually open or 
short circuits, complete functional failures or seri- 
ously degraded performance. 


The predominant failure mechanisms are related 

to assembly defects (weak bonds, contamination, 

bad seal, etc.). Actions and checks throughout the 

Shes allow infant mortality failures to be re- 
uced. 


Zone B represents the random failure portion of the 
distribution curve related to the useful life of the 
device. This time duration, generally very long 
(more than hundreds of thousands of hours), de- 
pends on the stress (temperature, applied voltage, 
applied power, circuit complexity, etc.). Failure 
mechanisms include overstressed devices and re- 
sidual wafer fab and process defects. 


Failure in zone C are wear out failures consisting 
of catastrophic failures and degraded parameters. 
They are characterized by a rapid rising failure rate 
over time as devices wear out physically and elec- 
trically. 


Figure1. Failure Rate distribution curve 


A (failure rate) 
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Reliability Testing 

Reliability testing is an on-going process adopted 
to identify and improve reliability performance. Ac- 
celerated tests are an important tool for evaluating 
long term reliability and stability of process and 
product parameters. 


SGS-THOMSON performs rigourous tests throug- 
hout production to ensure that devices have the 
properly designed reliability. 

Reliability tests are conducted at wafer and finished 
product level. 


At wafer level, first a complete evaluation of all 
presently known reliability failure mechanisms is 
performed on all new processes/technologies 
through dedicated test patterns. Accelerated tests 
and targets are then selected for statistical relia- 
bility control on production lots. 


At finished product level, engineering samples, 
during design and development stages, are tested 
to see if their Q&R corresponds to that called for in 
the design. 


Reliability testing is usually performed on a small 
sample but for long periods or under very accel- 
erated conditions to investigate wearout failures 
and to determine tolerances and limits of the de- 
sign. For these tests it is also possible to use the 
step-stress procedure (e.g. ESD resistance evalu- 
ation). 

A second type of test is performed periodically 
during production to check, maintain and improve 
the assured Q&R levels. 


The reliability tests involve both environmental and 
endurance examination and are performed under 
conditions more severe than those met in the field. 
These conditions are chosen to accelerate the 
occurrence of failures that would appear in actual 
operation, and care is taken to ensure that the 
failure modes and mechanisms are unchanged. 
The data from reliability tests provide an objective 
tool for product performance evaluation under a 
wide range of conditions. 

When a failure occurs, the SGS-THOMSON engin- 
eers conduct an in-depth analysis of the failure 
mechanism/mode to immediately apply suitable 
corrective actions. 

Reliability testing activity during recent years has 
been extended to all SGS-THOMSON factories 
with new and advanced equipment enabling all the 
plants to perform all the main tests. 


RELIABILITY PREDICTION MODELS 


Reliability prediction for semiconductor devices is 
a very important tool in each stage of product life, 
from the design to the application by the users. 

Since to prove reliability performance in normal 
application conditions is so expensive and time 
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consuming, it is quite impractical to do it. The 
component manufacturer’s usual approach is to 
obtain the estimated failure rate, derating the data 
collected from accelerated tests (generally opera- 
ting life tests performed at Tj max.) to normal oper- 
ating conditions. 


Figure 2 shows the normalized time/temperature 
regression for various activation energy values. 


Figure 2. Arrhenius Plot 


300 200 100 T(t) 


The various lines correspond to the activation en- 
ergies associated with the different failure mechan- 
isms involved as shown, for typical values, in the 
following table. 


activelon Acceleratin 
Failure Mode Energy 9 
Factors 
(eV) 


Surface charge High temp. bias 
lonic contamination High temp. bias 
Dielectric defects High temp. bias 


Electromigration High temp. bias 


Intermetallic growth 


High temp. bias, 
Storage 


Metal corrosion 0.6-0.8 }|High humidity bias 


For equipment manufacturers, on the other hand, 
knowing the reliability figures (failure rates) means 
having the possibility of adopting different alterna- 
tives during the design phases of the apparatus. 
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These considerations have increased the role of 
reliability predictions, and now we are facing an 
increasing number of customer purchasing speci- 
fications including reliability requirement in terms of 
failure rates. 

Naturally, to make reliability predictions, in addition 
to the knowledge of the functional characteristics 
of the equipment, it is mandatory to know the 
reliability of the components used. 

Even if sometimes the reliability figures can be 
obtained by manufacturers and national reliability 
data banks (thanks to the existence of international 
standards and to the presence in the semiconduc- 
tor market of similar technologies), difficulties are 
present mainly due to: 


¢ different applications 
¢ fast technological evolution 
¢ continuous reliability improvement 


¢ trend to increase the use of VLSI components 
where failure definition is sometimes difficult. 

To combat these difficulties, some reliability predic- 
tion models were created. 
Current reliability prediction models, such as MIL- 
HDB-217, CNET and some others, give useful 
predictions for a wide variety of technologies in the 
low and medium complexity range. These models 
are derived from accelerated life tests, screening, 
burn-in, reliability tests, field experience, device 
characterization and failure data based on histori- 
cal results. 
MIL-HDBK-217 MODEL (USA) 

Ap = TL TMQ (Ci nT Tv + C2 Me) 10°"! 
CNET MODEL (FRANCE) 

Ap=(Cintiv+Canprens) TQ TL 1 0° hn" 
OTHER MODELS (i.e. NOKIA" - FINLAND) 


Ap =Ao NT TE RL Rv 1s MEH 


where 
Ap = reference failure rate (manufacturing 
period related) 
ho = device failure rate 
TQ = quality factor 
1T = temperature acceleration factor 
TV = voltage derating stress factor 
TE = environmental stress factor 
Ci = circuit complexity factor 
™S1mS2C2 = package complexity factors 
TL = learning factor 
TF = field experience factor 
h = hours. 


y} From Nokia Electronic Corporation 
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The MIL-HDBK-217 is the most popular up to date users one of the most widely available possibilities, 
model and when semiconductor manufacturers even if the results obtained are generally very 
data are missing or a reliability comparison is re- conservative and big caution has to be taken in 


quested, reference to this HDBK represents for their use. 


Wafer Fab Typical Production Process Flow Chart 
Key: , 
() 100% operation or screening 
@ 100% operation with SPC 
wi In-process control (monitor) 


[| Q.A. Gate inspection (Sample acceptance) 


Material Inspection 
Starting materials are inspected following written 


specifications and records are maintained for traceability. 


Certified suppliers supply STS materials. 


Wafer fabrication 
Masking, etching, diffusion and metallization processes 
produce finished dice in wafer form. 
Critical parameters are under SPC. 


In-process control 
Wafers and process environment are inspected 
at the main process steps. 


Electrical parameter testing 
Test patterns or wafers are tested 
following statistical rules. 


Electrical wafer sort (probing) 
Each die is electrically tested and identified 
when it doesn’t meet electrical requirements. 


Finished wafer inspection 
6 | Active surface and back finish are inspected on each 
diffusion lot before release for die fab and assembly. 


Assembly 
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In-Process Control] During Wafer Fabrication 


The table emphasizes the most important fabrication steps with the relevant SPC measures and/or monitors 
performed. 


Process Steps In-Process Inspection/Monitoring 


Deposition: Nitride, Poly Si 


— Visual 

— Thickness 

— Refractive Index 

— CV plot (stability of ionic concentration and contamination control) 


— Visual 

— Thickness 
— Refractive index 
— Doping content 


— Mask and wafer cleanliness 
Photo Lithography — Alignment and focusing accuracy 
— Critical dimensions 


Efehin — Quality of etching and wafer cleanliness 
g — Critical dimensions 
eee mpl — Sheet resistance (dose and implant uniformity) 


— Sheet resistance 
— Thickness 
— CV plot (stability of ionic concentration and contamination control) 


Doping by Diffusion 
(POCIls3, As) 


—Wafer cleanliness 
— Visual 

— SEM (step coverage and film quality) 

— Thickness 

— CV plot (stability of ionic concentration and contamination control) 


Metallization 


— Thickness 
— Doping content 

— Passivation integrity (density of pinholes and cracks) 
— Visual 


Intermediate and Final 
Passivation 


— Wafer thickness 
— Back metal thickness 
— Metal adherence 


Back Finishing 
— Main parameters for active and parasitic structures (e.g. threshold 


Electrical 
Characterization voltage, saturation current, hFe, resistance, capacitances ...) 


Wafer Inspection — Visual (microscope and/or laser surface inspection system) 


All Depositions and : 
Photolithography — Surface scan (to detect and to measure foreign particles) 
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Assembly Typical Production Process Flow Chart 


K 


Material inspection 
Starting materials are inspected 
following written specifications and 
records are maintained for 
traceability. Certified suppliers 
supply STS materials. 


Die separation 
Wafers are separated into 
individual dice and electrical rejects 
are removed 


Visual screening* 
Dice are inspected and selected at 
high magnification. 


Quality inspection 
Each die lot is accepted before 
assembly (visual inspection of 
active surface). 


Die attach 
Wire bond 


Precap visual* 
Assembled but unsealed units are 
individually inspected using low 
and high power magnification. 


Quality inspection 
Each lot is accepted before 
sealing to verify compilance to 
precap inspection specifications. 


QUALITY AND RELIABILITY 


ey: 
y C) 100% operation or screening 


@ 100% operation with SPC 


al In-process control (monitor) 


[ ] QA. Gate inspection (sample acceptance) 


6 


Moulding and 
Stabilization bake 


Trim & Form and Lead finish 


Final bake 


Raw line Inspection 


Marking and Electrical 
Testing 


Group A Inspection 
(Finished products) 


Group B, C and D tests** 


Packing 


Packing and 
Documentation 
Inspection 


* Omitted when the intrinsic quality meets the specified quality level. 
** These reliability tests can be performed after step 18 on 100% electrically tested samples (when requested). 
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In-Process Control During Assembly Process 


The table emphasizes the most important fabrication steps with the relevant SPC measures and/or monitors 
performed. 


Process are 
14 Die Attach MIL-STD-883 Method 2010 cond B (internal visual) and 
Method 2019 (die shear strength); CECC 90000 
49 Wire Bond MIL-STD-883 Method 2010 cond. B (internal visual) and 
Method 2011 cond. D (bond strength); CECC 90000 
ts) 


Quality Inspection MIL-STD-883 Methods 2010 cond. B (internal visual); CECC 90000 


Moulding and 
Stabilization Bake — Visual and temperature process control 
235 + 5°C for 2 + 0.5 sec. 


16 
245 + 5°C for 5+0.5 sec. 


Final Bake For SMD only (according to internal specifications) 


48 Raw Line External Visual 
Inspection MIL-STD-883 Method 2009; CECC 90000 
Note: at this step some reliability tests (pressure pot, 
temperature cycling, life test etc.) are performed as a monitor, 
generally on a weekly basis, to have fast feedback on process 
behaviour (Real Time Control Tests) 


Inspection 
Groups B, C and D 


— Dimensions, thickness and contamination control 
— Solderability control: 
Aging as per groups B, C and D tests, subgroup 3 
215 + 5°C for 3 + 0.5 sec. (SMD only) 


Trim & Form 
and Lead Finish 


Performed on the product family representative types (by 
rotation); the results are extended to all the other devices of the 
same family according to the structure similarity concept 


Tests 


Inspection for: 


— right quantity 
Packing and — right type 
Documentation — right boxing 
Inspection — right labelling 

— right documentation 

— various 
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Group A Inspection - Finished Product Acceptance 


Subgrou Parameters aL, mccepiance 
group Sample Size Number 
A2+A3+A4 Cumulative electrical and inoperative mechanical failures a ce ee 


Notes 


* This product acceptance ts valid for standard production: for agreed customer programs other samplingplans can be applied. 


* Specified temperature ranges according to SGS-THOMSON databooks 


Groups B, C and D tests 
Every week or every three months on raw line and/or finished products 


Test 
Procedure 


SGS-THOMSON 
Conditions 


MIL-STD-883 
Method 


CECC 90000 
Sample Size 
Acceptance 


Method 


Subgroup 
Minimum 


(1) 
| 1 | Physicaldimension | 2016 | 49 | DataSheet Drawing | 2 | | 


1 minute immersion in solvent 
solution followed by 10 strokes with 

a hard brush as per MIL-STD method 
(the procedure shall be repeated 

3 times) 


215+5°C 3+0.5 sec. 
235+5°C 2+0.5 sec. 
245+5°C 5+0.5 sec. 


Resistance to 
solvents 


Solderability 


Operating Life Test 1000 h according to detail spec 


or 


end point electrical 
parameters 


as per device spec. 


Pressure pot Ta = 121°C, 2 atm, 240 h min. 


end point electrical 
parameters 


HAST (Highly 
Accelerated Stress 
Test) 


as per device spec. 


130°C/85%RH with bias t=150h 
according to detail specification 


end point electrical 
parameters 


as per device spec. 


Notes. 

(1) Sample can be increased according to LTPD table, till c=2 

(2) Aging of 8h in steam vapor or 16h at 155°C. Soldering temperature of 215°C for SMD only. 
(3) Ta such to have Tj=T) max 
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Groups B, C and D tests 
Every six months on raw line and/or finished products 


SGS-THOMSON 
Test Conditions 


Test 
Procedure 


MIL-STD-883 
CECC 90000 
Minimum 
Sample Size 
Acceptance 
Number 


Lead Fatigue Cond. B2 

— dual-in-line packages: 
the leads shall be bent 3 times 
simultaneously for at least 15° 
permanent bend, returning then to the 
Original position 


Cond C; 100 cycles 
Temperature cycling Ta=-65 to + 150°C 


Lead integrity 


end point electrical 


parameters as per device spec. 


85°C/85% RH with bias t = 1000h 


Umidity test according to detail specification 


end point electrical 


parameters as per device spec. 


oR 
2 
ie) 
a 
Dd) 
Q 
3 


Notes. 
(1) Sample can be increased according to LTPD table, till c=2 
(2) Not for SMD 


Groups B, C and D Reliability Tests" 
Additional tests performed during qualification of GAL® products: 


MIL-STD-883 C 


C=100 pF R=1.5KW 


Discharge (ESD) 
Tolerance Charged Device model (CDM)? 


Latch-up Jedec Standard No. 17 (EIA Jedec JC-40.2 See referred Document in “Method” 
susceptibility CMOS Logic Standardisation Committee) Results available upon request 


(*) 


Test instrument: Key Tek ZapMaster 
> 500 V 


This is an additional test for GaL® only, and not yet adopted as a Company Standard 
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